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The Assay of Medicinal Compounds Having 
Caffeine as a Common Ingredient” 


By D. T. WILSON and W. W. HILTYTt 


Quantitative analytical procedures have been developed and described for the physical 

separation and subsequent determination of each ingredient present in medicinal 

preparations of which caffeine is in combination with one or more of the following 

agents: acetylsalicylic acid, phenacetin, codeine, acetanilid, quinine, sodium bicar- 
nate, sodium bromide, or aminopyrine. 


one 
URING the course of investigational work 
being carried out in our laboratory on 
the analysis and standardization of medici- 
nal preparations we became aware of the 
need for a uniform method of analysis for 
combinations of medicinals containing simi- 
lar ingredients. 

In this paper are presented detailed meth- 
ods which we have found satisfactory for the 
separation and analysis of various medicinal 
preparations containing caffeine in combina- 
tion with one or more of the following in- 
gredients: acetylsalicylic acid, phenacetin, 
codeine, acetanilid, quinine, sodium bicar- 
bonate, sodium bromide, or aminopyrine. 

In each of the methods described the 
alkaloids and aminopyrine are retained in 
the original acid solution. The acetylsali- 
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cylic acid, phenacetin, and caffeine are 
therefore present in the first chloroform ex- 
tracts. From these chloroform extracts the 
acetylsalicylic acid is removed first by ex- 
traction with sodium bicarbonate. The 
phenacetin and caffeine are then removed by 
first evaporating the solvent and then hy- 
drolyzing the phenacetin to phenetidin sul- 
fate and removing the caffeine with chloro- 
form. The phenetidin sulfate is subse- 
quently converted to phenacetin which is 
also removed by extracting with chloroform. 

The separation of acetanilid and caffeine 
is based on the hydrolysis of the acetanilid 
to aniline sulfate and the removal of the caf- 
feine at that point by means of extraction 
with chloroform. The aniline sulfate can 
then be determined by titrating with a 
standardized potassium bromide-bromate 
solution. 

In the combinations containing sodium 
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bicarbonate and sodium bromide the sodium 
bicarbonate may be determined at the outset 
by titrating with 0.1 N sulfuric acid. The 
sodium bromide may be determined after 
the removal of the acetanilid and caffeine by 
Volhard titration with 0.01 N silver nitrate. 

The separations employed in most of the 
procedures for the analysis of the various 
combinations that follow are modifications 


of those appearing in ‘Methods of Analysis 
of the A. O. A. C.,” Fifth Edition, 1940, 
pages 559 to 574. 

In the preparation of this paper it has 
been considered advisable to describe sep. 
arately the analysis of each combination in 
its complete form in order to avoid the possi- 
bility of confusion in making cross refer- 
ences. 


ANALYTICAL PROCEDURES 


The Determination of Acetanilid and Caffeine in 
Medicinal Preparations Containing These Two In- 
gredients (1).—Weigh not less than twenty tablets. 
Powder and weigh accurately a sample equivalent to 
approximately 3 gr. of acetanilid and transfer to a 
separator. Add 20 cc. of 2° sulfuric acid and ex- 
tract with five portions of chloroform, collecting these 
extracts in a second separator. Wash the chloroform 
extracts with 15 cc. of 2% sulfuric acid and discard 
the acid portions. Filter the chloroform portion into 
an Erlenmeyer flask. 

Evaporate most of the chloroform in the Enrlen- 
meyer flask with the aid of a current of air, add 10 
cc. of dilute sulfuric acid (1 in 10), and digest the 
mixture, with frequent agitation, on a water bath 
for three hours or until the odor of acetic acid can no 
longer be detected in the vapors, maintaining the 
contents of the flask at not less than 5 cc. by the 
addition of distilled water, if necessary. Cool and 
transfer with distilled water to a separator so that 
the volume does not greatly exceed 20 cc. Extract 
the caffeine with three 50-cc. portions of chloroform, 
filtering each into a tared beaker. Evaporate the 
chloroform on a steam bath with the aid of a current 
of air and dry the residue to constant weight at 80°. 
Weigh as anhydrous caffeine. 

Transfer the contents of the separator, with the 
aid of a few cubic centimeters of distilled water, to 
an Erlenmeyer flask. Add 10 cc. of hydrochloric 
acid and titrate the remaining aniline sulfate with a 
standardized bromide-bromate solution especially 
prepared for the analysis of acetanilid preparations. 
From the acetanilid equivalent of the standardized 
solution, calculate the per cent of required amount of 
acetanilid present in the sample taken for assay. 

The Determination of Acetanilid, Caffeine, and 
Quinine in Medicinal Preparations Containing These 
Three Ingredients (1).—Weigh not less than twenty 
tablets. Powder and weigh accurately a sample 
equivalent to approximately 3 gr. of acetanilid and 
transfer to a separator. Add 25 cc. of 2% sulfuric 
acid and extract with five portions of chloroform, 
collecting these extracts in a second separator. 
Wash the chloroform extracts with 15 cc. of 2% sul- 
furic acid and filter the chloroform portion into an 
Erlenmeyer flask. Retain these chloroform ex- 
tracts for the determination of acetanilid and caf- 
feine. 


Combine the acid portions in the second separator, 
add an excess of ammonia water and extract with five 
portions of chloroform. Filter these chloroform ex. 
tracts into a tared beaker and evaporate on a steam 
bath with the aid of a’current of air to about 2 cc.; 
then add 10 cc. of alcohol and evaporate to dryness, 
The weight of quinine so obtained multiplied by 
1.207 represents the equivalent to (CopH24N20:),: 
H,SO,:2H,0, or when multiplied by 1.305 represents 
the equivalent to HBr- H,O. 

Evaporate most of the chloroform in the Erlen- 
meyer flask with the aid of a current of air, add 10 
ec. of dilute sulfuric acid (1 in 10), and digest the 
mixture, with frequent agitation, on a water bath 
for three hours or until the odor of acetic acid can no 
longer be detected in the vapors, maintaining the 
contents of the flask at not less than 5 cc. by the 
addition of distilled water, if necessary. Cool and 
transfer with distilled water to a separator so that 
the volume does not greatly exceed 20 cc. Extract 
the caffeine with three 50-cc. portions of chloroform, 
filtering each into a tared beaker. Evaporate the 
chloroform on a steam bath with the aid of a cur- 
rent of air and dry the residue to constant weight at 
80°. Weigh as anhydrous caffeine. 

Transfer the contents of the separator, with the 
aid of a few cubic centimeters of distilled water, to 
an Erlenmeyer flask. Add 10 cc. of hydrochloric 
acid and titrate the remaining aniline sulfate witha 
standardized bromide-bromate solution especially 
prepared for the analysis of acetanilid preparations. 
From the acetanilid equivalent of the standardized 
solution, calculate the per cent of required amount 
of acetanilid present in the sample taken for assay. 

The Determination of Acetanilid, Caffeine, Co- 
deine, and Sodium Bicarbonate in Medicinal Prep- 
arations Containing These Four Ingredients (1).—: 
Weigh not iess than twenty tablets. Powder and 
weigh accurately a sample equivalent to 6 gr. of 
acetanilid and transfer to a separator. Add 20 ce. 
of distilled water and titrate the sodium bicarbonate 
with 0.1 N sulfuric acid, using methyl orange T. S. 
as the indicator. Each cubic centimeter of 0.1 NV 
sulfuric acid is equivalent to 0.008402 Gm. of sodium 
bicarbonate. 

Add 10 ce. of 2% sulfuric acid to the contents of 
the separator and extract with five portions of chloro- 
form, collecting these extracts in a second separator. 
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Wash the chloroform extracts with 15 cc. of 2% 
sulfuric acid and filter the chloroform portion into an 
Erlenmeyer flask. Retain these chloroform ex- 
tracts for the determination of acetanilid and caf- 
feine. 

Combine the acid portions in the second separator, 
add an excess of ammonia water, and extract with 
five portions of chloroform. Filter these chloroform 
extracts into a beaker and evaporate on a steam bath 
with the aid of acurrent of air. Dissolve the result- 
ing residue in chloroform, add 5 cc. of 0.05 N hydro- 
chloric acid, remove the chloroform by evaporation, 
and titrate the excess acid with 0.02 N sodium hy- 


; droxide, using methyl red as the indicator. Each 


cubic centimeter of 0.02 N hydrochloric acid is 
equivalent to 0.006355 Gm. codeine. 

Evaporate most of the chloroform in the Erlen- 
meyer flask with the aid of a current of air, add 10 
ec. of dilute sulfuric acid (1 in 10), and digest the 
mixture, with frequent agitation, on a water bath for 
three hours or until the odor of acetic acid can no 
longer be detected in the vapors, maintaining the 
contents of the flask at not less than 5 cc. by the 
addition of distilled water, if necessary. Cool and 
transfer with distilled water to a separator so that 
the volume does not greatly exceed 20 cc. Extract 
the caffeine with three 50-cc. portions of chloroform, 
filtering each into a tared beaker. Evaporate the 
chloroform on a steam bath with the aid of a cur- 
rent of air and dry the residue to constant weight 
at80°. Weigh as anhydrous caffeine. 

Transfer the contents of the separator, with the 
aid of a few cubic centimeters of distilled water, to 
an Erlenmeyer flask. Add 10 cc. of hydrochloric 
acid and titrate the remaining aniline sulfate with 
a standaidized bromide-bromate solution especially 
prepared for the analysis of acetanilid preparations. 
From the acetanilid equivalent of the standardized 
solution, calculate the per cent of required amount 
of acetanilid present in the sample taken for assay, 

The Determination of Acetanilid, Caffeine, So- 
dium Bicarbonate,and Sodium Bromide in Medicinal 
Preparations Containing These Four Ingredients 
(1).—Weigh not less than twenty tablets. Powder 
and weigh accurately a sample equivalent to 7 gr. 
of acetanilid and transfer to a separator. Add 20 
cc. of distilled water and titrate the sodium bicar- 
bonate with 0.1 N sulfuric acid, using methyl orange 
T. S. as the indicator. Each cubic centimeter of 
0.1 N sulfuric acid is equivalent to 0.008402 Gm. of 
sodium bicarbonate. 

Add 10 cc. of 2% sulfuric acid to the contents of 
the separator and extract with five portions of chloro- 
form, collecting these extracts in a second separator. 
Wash the chloroform extracts with 15 cc. of 2% sul- 
furic acid and filter the chloroform extracts into an 
Erlenmeyer flask. Retain these chloroform extracts 
for the determination of acetanilid and caffeine. 

Combine the acid portions in a flask of suitable 
capacity. Add 20 cc. of 0.01 N silver nitrate, 3 cc. 
concentrated nitric acid, and titrate the excess of 
silver nitrate with 0.01 N ammonium thiocyanate. 


Each cubic centimeter of 0.01 N silver nitrate is 
equivalent to 0.001029 Gm. of sodium bromide. 

Evaporate most of the chloroform in the Erlen- 
meyer flask with the aid of a current of air, add 10 cc. 
of dilute sulfuric acid (1 in 10), and digest,the mix- 
ture, with frequent agitation, on a water bath for 
three hours or until the odor of acetic acid can no 
longer be detected in the vapors, maintaining the 
contents of the flask at not less than 5 cc. by the 
addition of distilled water, if necessary. Cool and 
transfer with distilled water to a separator so that 
the volume does not greatly exceed 20 cc. Extract 
the caffeine with three 50-cc. portions of chloroform, 
filtering each into a tared beaker. Evaporate the 
chloroform on a steam bath with the aid of a cur- 
rent of air and dry the residue to constant weight 
at 80°. Weigh as anhydrous caffeine. 

Transfer the contents of the separator, with the 
aid of a few cubic centimeters of distilled water, to 
an Erlenmeyer flask. Add 10 cc. of hydrochloric 
acid and titrate the remaining aniline sulfate with a 
standardized bromide-bromate solution especially 
prepared for the analysis of acetanilid preparations. 
From the acetanilid equivalent of the standardized 
solution, calculate the per cent of required amount of 
acetanilid present in the sample taken for assay. 


The Determination of Acetylsalicylic Acid, 
Phenacetin, and Caffeine in Medicinal Preparations 
Containing These Three Ingredients (1-8).—Weigh 
not less than twenty tablets. Powder and weigh 
accurately a sample equivalent to 7 gr. of acetyl- 
salicylic acid and transfer it to a separator. Add 25 
cc. of 2% sulfuric acid and extract with five portions 
of chloroform, collecting these extracts in a second 
separator. Wash the chloroform extracts with 15 
cc. of 2% sulfuric acid and discard the acid portions. 

Extract the chloroform solution with two 50-cc. 
portions of 4% sodium bicarbonate solution and then 
wash with 20 cc. of distilled water. Combine the 
sodium bicarbonate solution and wash water and 
extract with two 25-cc. portions of chloroform, col- 
lecting these chloroformic extracts in the separator 
with the retained chloroform. Filter the chloro- 
form extracts into a tared beaker and evaporate on 
a steam bath in a current of air. Dry in a desic- 
cator to constant weight and weigh as phenacetin 
and caffeine. Retain this residue if separation of 
phenacetin and caffeine is desirable. 

Transfer the sodium bicarbonate solution to an 
Erlenmeyer flask and boil for five minutes. Add 5 
ec. of 20% sodium hydroxide and boil for fifteen 
minutes. Cool and dilute to 500 cc. with distilled 
water. Transfer an aliquot equivalent to approxi- 
mately 1 gr. of acetylsalicylic acid to a glass-stop- 
pered flask. Add 50 cc. of 0.1 N bromine and 6 cc. 
of concentrated hydrochloric acid and set the flask 
aside for thirty minutes, shaking occasionally. Add 
15 cc. potassium iodide T. S. and titrate the liber- 
ated iodine with 0.1 N sodium thiosulfate. Each 
cubic centimeter of 0.1 N bromine is equivalent to 
0.003 Gm. acetylsalicylic acid. 

The acetylsalicylic acid in the sodium bicarbonate 
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solution should be determined as soon as possible to 
prevent hydrolysis. 

Separation of Phenacetin and Caffeine.—Trans- 
fer the phenacetin and caffeine residue to an Erlen- 
meyer flask and digest with 10 cc. of 10% sulfuric 
acid on a steam bath until the liquid is reduced to 
approximately 5cc. Dilute with 10 cc. of distilled 
water and continue digestion until the volume is 
again reduced to 5 cc. Repeat the diluting and 
evaporating until the odor of acetic acid can no 
longer be detected in the vapors, always making 
certain that the volume does not get below 5 cc. 
Cool and transfer with distilled water to a separator 
so that the volume does not greatly exceed 20 cc. 
Extract the caffeine with three 50-cc. portions of 
chloroform, filtering each into a tared beaker. 
Evaporate the chloroform on a steam bath with the 
aid of a current of air and dry the residue to con- 
stant weight at 80°. Weigh as anhydrous caffeine. 

Wash the filter used to filter the chloroform ex- 
tracts with 5 cc. of distilled water, transferring the 
wash water to the separator containing the pheneti- 
din sulfate. Make alkaline to litmus by adding 
small portions of solid sodium bicarbonate and then 
add a small excess. Add 50 cc. of chloroform and 
five drops of acetic anhydride for every 0.1 Gm. of 
phenacetin thought to be present. Completely ex- 
tract the phenacetin thus formed with several por- 
tions of chloroform, washing each with 5 cc. of dis- 
tilled water in a second separator, filtering the chloro- 
form into a tared beaker. Extract the wash water 
with 15 cc. of chloroform and add the extract to the 
tared beaker. Evaporate the chloroform on a steam 
bath with the aid of a current of air and remove the 
traces of acetic anhydride by repeated additions and 
evaporations of 1 cc. of chloroform until the odor of 
acetic anhydride is no longer perceptible. Dry in 
a desiccator to constant weight and weigh as phe- 
nacetin. 

The Determination of Acetylsalicylic Acid, 
Phenacetin, Caffeine, and Codeine in Medicinal 
Preparations Containing These Four Ingredients 
(1-8).—Weigh not less than twenty tablets. Powder 
and weigh accurately a sample equivalent to 7 gr. 
of acetylsalicylic acid and transfer it to a separator. 
Add 25 cc. of 2% sulfuric acid and extract with five 
portions of chloroform, collecting these extracts in 
a second separator.’ Wash the chloroform extracts 
with 15 cc. of 2% sulfuric acid and retain the chloro- 
form portions. 


Combine the acid portions in the second separator, 
add an excess of ammonia water and extract with 
five portions of chloroform. Filter these chloro- 
form extracts into a beaker and evaporate on a steam 
bath with the aid of air. Dissolve the resulting resi- 
due with chloroform, add 5cc. of 0.05 N hydrochloric 
acid, remove the chloroform by evaporation, and 
titrate the excess acid with 0.02 N sodium hydroxide, 
using methyl red asindicator. Each cubic centimeter 

of 0.02 N hydrochloric acid is equivalent to 0.008485 
Gm. codeine phosphate. 
Extract the retained chloroform solution with two 
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50-ce. portions of 4% sodium bicarbonate solution 
and then wash with 20 cc. of distilled water. Com. 
bine the sodium bicarbonate solution and wash 
water and extract with two 25-cc. portions of chloro. 
form, collecting these chloroformic extracts in the 
separator with the retained chloroform. Filter the 
chloroform extracts into a tared beaker and evapor. 
ate on a steam bath in a current of air. Dry ing 
desiccator to constant weight and weigh as phen. 
acetin and caffeine. Retain this residue if separa. 
tion of phenacetin and caffeine is desirable. 

Transfer the sodium bicarbonate solution to an 
Erlenmeyer flask and boil for five minutes. Add 5 
ce. of 20% sodium hydroxide and boil for fifteen 
minutes. Cool and dilute to 500 cc. with distilled 
water. Transfer an aliquot equivalent to approxi- 
mately 1 gr. of acetylsalicylic acid to a glass-stop. 
pered flask. Add 50 cc. of 0.1 N bromine and 6 ¢c. 
of concentrated hydrochloric acid and set the flask 
aside for thirty minutes, shaking occasionally. Add 
15cc. potassium iodide T. S. and titrate the liberated 
iodine with 0.1 N sodium thiosulfate. Each cubic 
centimeter of 0.1 N bromine is equivalent to 0.003 
Gm. acetylsalicylic acid. 

The acetylsalicylic acid in the sodium bicarbonate 
solution should be determined as soon as possible to 
prevent hydrolysis. 

Separation of Phenacetin and Caffeine.—Trans- 
fer the phenacetin and caffeine residue to an Erlen- 
meyer flask and digest with 10 cc. of 10% sulfuric 
acid on a steam bath until the liquid is reduced to 
approximately 5 cc. Dilute with 10 cc. of distilled 
water and continue digestion until the volume is 
again reduced to 5cc. Repeat the diluting and evap- 
orating until the odor of acetic acid can no longer be 
detected in the vapors, always making certain that 
the volume does not get below 5 cc. 
transfer with distilled water to a separator so that 
the volume does not greatly exceed 20 cc. Extract 
the caffeine with three 50-cc. portions of chloroform, 
filtering each into a tared beaker. Evaporate the 
chloroform on a steam bath with the aid of a current 
of air and dry the residue to constant weight at 80°. 
Weigh as anhydrous caffeine. 


Wash the filter used to filter the chloroform ex- 
tracts with 5 cc. of distilled water, transferring the 
wash water to the separator containing the phene- 
tidin sulfate. Make alkaline to litmus by adding 
small portions of solid sodium bicarbonate and then 
add a small excess. Add 50 cc. of chloroform and 
five drops of acetic anhydride for every 0.1 Gm. of 
phenacetin thought to be present. Completely e- 
tract the phenacetin thus formed with several por- 
tions of chloroform, washing each with 5 cc. of dis- 
tilled water in a second separator, filtering the chloro- 
form into a tared beaker. Extract the wash water 
with 15 cc. of chloroform and add the extract to the 
tared beaker. Evaporate the chloroform on a steam 
bath with the aid of a current of air and remove the 
traces of acetic anhydride by repeated additions 
and evaporations of 1 cc. of chloroform until the 
odor of acetic anhydride is no longer perceptible. 
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Dry in a desiccator to constant weight and weigh as 
cetin. 

The Determination of Aminopyrine, Phenacetin, 
and Caffeine in Medicinal Preparations Containing 
These Three Ingredients (9).— Weigh not less than 
twenty capsules and determine the average weight of 
each. Transfer the contents of a sufficient number 
of average weight capsules, equivalent to approxi- 
mately 3'/2 gr. of aminopyrine, toa separator. Add 
95 cc. of 2% sulfuric acid and extract with five por- 
tions of chloroform, collecting these extracts in a 
second separator. Wash the chloroform extracts 
with 15 cc. of 2% sulfuric acid and retain the chloro- 
form portions. 

Combine the acid portions in the second separator, 
add an excess of ammonia water, and extract with 
five portions of chloroform. Filter these chloro- 
form extracts into a tared beaker and evaporate on 
a steam bath with the aid of a current of air. Dry 
the residue at 100° for ten minutes, cool, and weigh 
as aminopyrine. 

Filter the retained chloroform portions from above 
into a tared beaker and evaporate on a steam bath 
with the aid of a current of air. Dry the residue in 
a desiccator to constant weight and weigh as phe- 
nacetin and caffeine. If the separation of the phe- 
nacetin and caffeine is desirable treat as follows: 
Transfer the phenacetin and caffeine residue to an 
Erlenmeyer flask and digest with 10 ce. of 10% 
sulfuric acid on a steam bath until the liquid is re- 
duced to approximately 5cc. Dilute with 10 cc. of 
distilled water and continue digestion until the 
volume is again reduced to5cc. Repeat the diluting 
and evaporating until the odor of acetic acid can no 
longer be detected in the vapors, always making cer- 
tain that the volume does not get below 5cc. Cool 
and transfer with distilled water to a separator so 
that the volume does not greatly exceed 20 cc. 
Extract the caffeine with three 50-cc. portions of 
chloroform, filtering each into a tared beaker. 
Evaporate the chloroform on a steam bath with the 
aid of a current of air and dry the residue to constant 
weight at 80°. Weigh as anhydrous caffeine. 

Wash the filter used to filter the chloroform ex- 
tracts with 5 cc. of distilled water, transferring the 
wash water to the separator containing the phene- 
tidin sulfate. Make alkaline to litmus by adding 
small portions of solid sodium bicarbonate and then 
add a small excess. Add 50 cc. of chloroform and 5 
drops of acetic anhydride for every 0.1 Gm. of 


101 


phenacetin thought to be present. Completely ex- 
tract the phenacetin thus formed with several por- 
tions of chloroform, washing each with 5 cc. of dis- 
tilled water in a second separator, filtering the chloro- 
form into a tared beaker. Extract the wash water 
with 15 cc. of chloroform and add the extract to the 
tared beaker. Evaporate the chloroform on a steam 
bath with the aid of a current of air and remove the 
traces of acetic anhydride by repeated additions and 
evaporations of 1 cc. of chloroform until the odor of 
acetic anhydride is no longer perceptible. Dry in a 
desiccator to constant weight and weigh as phe- 
nacetin. ° 


CONCLUSIONS 


Systematized procedures for the separa- 
tion and analysis of medicinal preparations 
containing caffeine as a common ingredient 
are described. 

These separations are arranged in such a 
manner as to present a standardized tech- 
nique for the isolation of each of the active 
ingredients. 

Each method is presented in full detail to 
avoid any possible confusion which may 
result from the necessity of referring from 
one method to another for details that might 
otherwise be omitted. 

The results obtained by the authors in 
making these separations have been found 
to be quite satisfactory. 

In our opinion these methods would pro- 
vide adequate assay procedures for medici- 
nal preparations of this nature. 
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Methods of Testing Antibiotic Substances and 
Limitations Involved* 


By HENRY WELCH, W. A. RANDALL, and LILA KNUDSEN 


Establishment of Master and Working 
Standards.—In October, 1943, the Food 
and Drug Administration undertook the 
task of assaying penicillin for the Armed 
Forces of the United States. One of the first 
steps was to establish a master standard and 
a working standard for test purposes. Crys- 
talline sodium penicillin “G’’ was chosen 
for the master standard and a batch of cal- 
cium penicillin which on examination also 
proved to be pure “‘G”’ was set aside for the 
working standard. Through the coopera- 
tion of various manufacturers of penicillin 
a collaborative assay (1) was made to estab- 
lish the potency of the working standard. A 
potency of 1650 u./mg. was assigned to the 
master standard (later arbitrarily estab- 
lished at 1667 u./mg.) and the outcome of 
the collaborative assay set the potency of 
the working standard at 370 u./mg. Both 
of these standards were exchanged with the 
then current British standards and assayists 
in both countries tested each others’ stand- 
ards. Complete agreement was obtained 
and expressed at am international conference 
(2) held in London October 16 to 19, 1945. 
Fifteen grams of the working standard were 
sent to London for use as an international 
standard. 

Inherent Errors in Biological Assay 
Methods.—Some of the difficulties in the 
assay of penicillin seem to be inherent in 
the nature of the drug itself. As is well 
known penicillin is not a single antibiotic 
substance but is composed of a combination 
of several closely related organic compounds 
having different biological activity and va- 
rious inert impurities. The methods of assay 
now in use do not give us information con- 
cerning the proportion of the active antibac- 
terial agents present in the mixture. All 
laboratories having experience with the as- 
say of penicillin have encountered many 


* Received Jan. 30, 1946, from the Division of Penicillin 
Control and Immunology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 


unexplained phenomena. For example, it 
has been suggested that when crystalline 
sodium penicillin “G’’ is mixed with an- 
hydrous sodium sulfate there is a preferential 
electrostatic absorption of penicillin on the 
walls of glass containers. If the same 
phenomenon occurred with any impure peni- 
cillin it would be impossible to obtain uni- 
form results when only small quantities of 
a standard are available for several assays. 
It is likely that some of these unexplained 
difficulties are due to the fact that penicillin 
is an impure relatively crude substance which 
is developed from a living organism suscept- 
ible to ail sorts of variations and, further- 
more, because the measurement of its po- 
tency is dependent on a living organism 
grown on organic media which is also sus- 
ceptible to considerable variation. 

Marked differences in results, particularly 
in size and nature of the zones, are obtained 
by slight modification of the composition of 
the media used. For example, the elimina- 
tion of glucose from the primary layer results 
in a much clearer, sharper zone than when 
glucose is used in both the primary and 
secondary layers. The media ingredients 
themselves vary from batch to batch and 
these: have been shown to be responsible for 
some of the difficulties encountered. There 
is still the need for a culture medium which 
when used under well-defined conditions will 
consistently give sharp clear-cut zones, and 
continuing efforts are being made to arrive 
at this goal. But even when sharp clear- 
cut zones of inhibition are obtained, further 
difficulties may be encountered through the 
use of the various devices which have been 
proposed for the measurement of zone sizes. 
For example, technicians may vary in read- 
ing the size of a zone as much as one milli- 
meter when different instruments are used 
and even with the same instruments occa- 
sionally similar differences are obtained. An 
inaccurate reading of a zone size is not serious 
when the potency of the unknown is close 
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to 100 per cent of the label claim but as the 
potency is decreased to the minimum for 
the 100,000-unit ampul, namely, 85,000 
units, an error of five-tenths millimeter 
reading of a zone may result in a rejection 
of a lot of penicillin purely on the human 
error of reading the zone sizes. Several in- 
struments have been used in the laboratories 
of the Food and Drug Administration for 
measuring zone sizes including a Buck 
Colony Counter, a Balopticon (which pro- 
jects an image of the plate on a screen), the 
Peoria device, and fina"ty a device proposed 
by one of the biological companies (3). The 
last-named instrument in this laboratory has 
been found to be the most accurate so far 
obtained. Errors of more than one-tenth of 
a millimeter in reading are practically im- 
possible with this device. 

Chemical Assay Method.— Because of the 
difficulties encountered with the biological 
assay of penicillin the Food and Drug Ad- 
ministration approximately a year ago 
adopted a chemical method purely as a check 
test on those lots of penicillin which fell below 
the established minimum potency. The 
chemical test used is the one described by 
Murtaugh and Levy (4). This test has been 
found to be very satisfactory in our hands 


_ (5) and gives results which are quite con- 


sistent in most instances with those obtained 
by the biological method. The reproduci- 
bility of results of this chemical method is 
far better than that of the biological method. 
Since this test is not included in the regula- 
tions under the penicillin amendment the 
results obtained by the chemical method are 
not used to certify or reject penicillin prod- 
ucts. However, this chemical test which 
estimates potency on an entirely different 
principle from that of the biological assay is 
extremely valuable in checking both high 
and low results obtained by biological assay. 

Establishment of a New Working Stand- 
ard.—Within the last year the supply of 
working standard diminished to a point 
where it was essential that a new standard 
be established. Several unsuccessful at- 
tempts were made to duplicate the first cal- 
cium penicillin working standard, which had 
a potency of 370 units per milligram. How- 


ever, when calcium penicillin salts were pre- 


pared at this potency, it was found impos- 
sible to prepare them so that the resulting 
penicillin would consist of pure “‘G,’’ while 
calcium salts of penicillin prepared so that 
they contained only penicillin “G” had 
potencies on the order of 1000 units per milli- 
gram. The best of the preparations made 
was a calcium salt of penicillin having a 
potency of about 180 units per milligram. 
This preparation, however, was not entirely 
penicillin “G.’’ The suggestion was made 
that a working standard be prepared con- 
sisting of a mixture of crystalline sodium 
penicillin ““G” diluted with anhydrous so- 
dium sulfate to a potency approximately 
equivalent to that of the original working 
standard, namely, 370 units per milligram. 
A relatively large batch of this material was 
prepared and found to have a potency of 
approximately 380 units per milligram. 

One of the problems involved was the 
proper mixing of the crystalline penicillin 
with sodium sulfate so that a homogeneous 
mixture would result. Preliminary studies 
on several weighings in these laboratories of 
this working standard indicated that the 
mixture was a homogeneous one, and it was 
therefore distributed to some fifteen manu- 


' facturers for collaborative assay. While the 


collaborative assay was in progress one of 
the collaborators notified us that his assay 
results varied so much with different weigh- 
ings that it seemed certain that the sodium 
sulfate working standard was not homogene- 
ous. However,*we received no actual re- 
sults from this collaborator on this material 
or any of the subsequent penicillin sent for 
assay. Still confronted with the urgent need 
of a working standard satisfactory to all, 
reconsideration of the 180 u./mg. calcium 
penicillin was made. It should be pointed 
out that the same theoretical reasons for the 
possible nonhomogeneity of the sodium sul- 
fate standard might also apply to any im- 
pure penicillin and the fact that the first cal- 
cium salt working standard was so satis- 
factory may have been a matter of chance. 
In spite of this a collaborative assay of the 
calcium penicillin standard was conducted. 
As a check on the variability of assay results, 
the master standard was labeled ‘‘sodium 
salt standard X”’ and sent to collaborators 


it 
1e 
n- 
al 
ne 
ne 
Li- 
Li- 
of 
O- 
m 
ly 
ed 
of 
Its 
en 
nd 
its | 
nd 
or 
re 
ch 
rill 
nd | 
ve 
ir- 
ler 
he 
en 
es. 
id- 
ed 
An 
se 


104 JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 
along with the calcium salt. Thus each col- paper deals in part with results from the 
laborator was asked to assay the proposed collaborative assays on these three penicil- #30 
working standard versus master standard lins, namely: 
and also, though unknown to him, the master (a) sodium sulfate working standard 
standard against itself. Information obtained (6) calcium penicillin working standard an 
from this study would enable us to determine (c) the sodium salt working standard “X”’ 
technical errors of the assay itself. This (master standard). a0 
200 
PENICILLIN- Collaborative Assays on SODIUM SULFATE Working Standard 
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© First Weighing 
x Second “ 
a Third = 
— Average for Lab. 
15 3 170. 
4 
5 420- 160 
. 180. 
5 400- - 5 
> 
sti |- 
5 Figure 
“ 
-10 
rrr 
LABORATORY 
Figure 1 
180 
RESULTS FROM COLLABORATIVE ASSAYS 2 
Figure 1 shows the various determinations all average of all collaborators, (382 u./mg.) 3 a 
of potency of the sodium sulfate working is indicated by the long horizontal line. Two g 
standard from fifteen collaborators each of scales are given on the chart. The one on the § 
whom had been instructed to make dupli- left-hand side is in terms of potency as units ee 
cate determinations on each of the three per milligram and the scale on the right is in 9 
weighings. Each vertical line represents the terms of percentage variation from the mean. i 
range of results obtained at a single labora- This latter scale is given so that compari- ? ” 
tory. In the legend, each weighing is indi- sons can be made visually between the re- 
cated by a definite symbol—a dot for the sults on the sodium sulfate working stand- a 
first weighing, a cross for the second weigh- ard, the calcium, and the sodium salt work- 
ing, and a triangle for the third weighing. ing standards which are given in Figs. 2 and 
The average of all the determinations of 3. A statistical comparison of the varia- 130 
potency made by a single laboratory is indi- tions within laboratories and between the 
cated by a short horizontal line. The over- averages of laboratories will be made later. Figure 
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It will be noted that in the majority of cases 
the results of assays performed on the same 
weighing agree more closely than those on 
different weighings at the same laboratory. 


TABLE I.—SHOWING VARIATION IN ASSAY RESULTS 


Sodium 
Sulfate Calcium 
Penicillin Salt 


Master 
Standard 
Average potency, 
u./ mg. 382 194 1617 
Standard deviation 
over all results (er- 
ror of potency), % 5.1 8.6 6. 
Average standard de- 
viation within lab- 
oratories, % 4.8 7.0 5.3 
Average error of as- : 
say (only labora- 
tories using 2-dose 
method), % 2.5 2.2 2.5 
Standard deviation 
between average 
results of each lab- 
oratory (at least 6 
results from each 
laboratory), % 2.5 5.9 4.3 
Range in average lab- 
oratory valves 
(highest average 
minus lowest aver- 
age), % 8 23 16 


bo 


Figure 2 shows the collaborative results on 
potency determinations on the calcium work- 
ing standard where it will be noted that for 
about half the laboratories the assay resultg 
show very good agreement within the indi- 
vidual laboratory, the other half of the col- 
laborating laboratories show very poor 
agreement among the potency results they 
had obtained at their own laboratory. It 
is evident also that results on duplicate as- 
says performed on the same weighing show 
better agreement than those performed on 
different weighings. 

Figure 3 shows the results on the sodium 
salt working standard “X’’ (master stand- 
ard). The same comments made on Figs. 
1 and 2 also apply to Fig. 3 except that the 
variations between results within labora- 
tories are in general less than those shown in 
Fig. 2 (calcium working standard). The 
horizontal dotted line is drawn at the as- 
signed potency of the master standard, 1667 
u./mg. The solid line shows the average of 
the collaborators’ results, 1617 u./mg. 

Several interesting points are shown in 
these three figures: 


(a) Of the three penicillins, the sodium 
sulfate working standard gives the most con- 
sistent results although it should be remem- 
bered that the two sets of assays were not 
performed simultaneously. All three peni- 
cillins seem to exhibit marked differences be- 
tween the weighings made. That is, dupli- 
cate determinations on a single weighing are 
closer together than those from different 
weighings. 

(b) Some laboratories have small varia- 
tions between results and some have large 
variations; however, those with the smallest 
variations within their own laboratory do not 
necessarily check the best with the average 
result of other laboratories. This is illus- 
trated by the results of laboratory J on the 
calcium working standard (Fig. 2). 

Table I shows a comparison of the varia- 
tions in results in terms of per cent of the 
over-all average potencies. The standard 
deviation is a measure of variation and all 
the figures in this table were computed as 
standard deviations or standard errors. The 
standard deviation over all results (the first 
line of Table I) is computed from all the 
individual assay results and shows the varia- 
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POTENCY (u/mg.) - Working Standard (Sodium Sultate) 
Figure 4 


tion of individual assay results regardless of 
laboratory. The line of figures just below 
this shows the average variation within any 
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one laboratory. It will be seen that these 
figures are consistently smaller than those in 
the first row, showing that the variation 
within laboratories is less than the over-all 
variation. The third line of the table gives 
the average error of the assay as calculated 
from the nomograph (3) for the two-dose 
assay and shows the inherent variation 
within any one assay. This variation seems 
to be quite consistent for all three penicil- 
lins. The fourth line giving the standard 
deviation between average results of each 
laboratory shows the variation between 
laboratories. Note that this variation is 
largest for the calcium salt working standard 
and smallest for the sodium sulfate working 
standard. The last line shows the range in 
average laboratory results. Comparing the 
results of the three penicillins shown in this 
table, it will be seen that sodium sulfate 
working standard has the smallest variation 
in all respects except for an insignificant dif- 
ference in the calculated error of the assay. 

Figure 4 shows graphically the correlation 
between the results on the calcium and so- 
dium sulfate working standards and Fig. 5a 
similar correlation between the master and 
sodium sulfate standards. It is commonly 
thought that a laboratory having a high 
result on one penicillin would have a high 
result on any other penicillins and a labora- 
tory having a low result on one penicillin 
similarly would have a low result on any 
other. However, as shown in Figs. 4 and 5 
there seems to be no correlations between 
the relative results on the three penicillins. 
One laboratory may have a higher than 
average result in assaying one penicillin and 
a lower than average on another. A plotting 
was not made of the calcium working stand- 
ard against the master standard since these 
were run simultaneously and therefore would 
not furnish an unbiased comparison. The 
correlation coefficient of the calcium and 
sodium sulfate working standards for the 
fourteen laboratories (Fig. 4) is 0.03 and 
that for sodium sulfate working standard 
with the unknown ‘““X” (master standard) 


(Fig. 5) is —0.18. Neither of these resultsis , 


statistically significantly different from zero. 
q It is a matter of practical importance to 
what extent a standard loses stability when 


it is kept in solution over a period of time. 
Some data were obtained on this point in 
aging experiments on the master standard 
and the sodium sulfate working standard. 
The collaborating laboratories were asked to 
make duplicate assays (on two successive 
days) first on the solution just after it is 
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(Eoch dot represents the results from one laboratory) 


POTENCY (u/mg,)- Unknown "X" (Master Standard) 


POTENCY (u/mg.) - Working Standard (Sodium Sulfate) 
Figure 5 


made, then on the same solution after one 
week, and finally on the same solution after 
two weeks. The results of these “aging” 
experiments are shown in Fig. 6. The scale 
used shows change in potency and the 
laboratories are put on the chart in approxi- 
mate order from the largest change in po- 
tency over the two-week period down to the 
smallest change in potency. The same 
order of laboratories is maintained on both 
sides of the chart. As can be seen from the 
chart some laboratories had a large loss in 
potency on both penicillins while other 
laboratories showed no loss in potency. This 
fact can only be explained by differing stor- 
age conditions though not enough is known 
about storage conditions at the various 
laboratories to be able to offer any construc- 
tive criticism on this point. 

Thus far this paper has dealt with the vari- 
ations between laboratories, between dif- 
ferent weighings, the consistency of results, 
and the effect of aging of solutions over a 
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period of two weeks. The last four charts, 
Figs. 7 to 10, show the results of the assay 
procedure put into practice in the process of 
certifying various types of penicillin. Since 
most of the manufacturers were also collabo- 
rators, the same letters assigned to labora- 
tories in the previous charts were used. The 
results are shown as percentage differences 
between the potency estimated by the 
manufacturer and that found by the labora- 


tories of the Food and Drug Administration. 
For instance, if a hollow circle (vials) on the 
chart is 10 per cent below the straight hori- 
zontal line, the manufacturer’s result was 
10 per cent below that of the Food and Drug 
Administration. Similarly if a small ‘“x” 
(tablets) on the chart is 5 per cent above the 
horizontal line, the manufacturer’s esti- 
mated potency was 5 per cent above the re- 
sult obtained by the Food and Drug Ad- 
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Percentage Differences Between Potencies Estimated by 
Manufacturers and by F.&D. on the Same Lot 


LEGEND 
e Bulk o Lozenges or Troches 
© Vicls a Oil and Wax 
x Tablets a Ointment 


Percentage Difference 


Lab. D 
10- a 
Lob. L 
i Is 2 | I 
Nov. | Nov. 15 Dec. Dec. 


ministration. The legend showing the mean- 
ing of the various symbols is shown in Fig. 7. 
As can be seen from Figs. 7 to 10 some manu- 
facturers’ results agree very well with those 
of the Food and Drug Administration 
whereas others do not. 

On November 1, 1945, a change in work- 
ing standard used was made by the labora- 
tories of the Food and Drug Administration. 
The supply of the old calcium working stand- 


ard (potency 370 u./mg.) used for the 


couple of years was exhausted and the so- 


dium sulfate penicillin working standard 
(potency 382 u./mg.) was substituted as the 
working standard on November 1, 1945. 
Examination of the charts, Figs. 7 to 10, 
shows no difference between results obtained 
before and after this date even though some 
manufacturers have encountered difficulties 
with the sodiur sulfate working standard. 
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Several check tests have been made by vari- 
ous manufacturers on this working standard 
in an attempt to clear up these discrepancies. 
In one instance a sample of this working 
standard was sent to a manufacturer who 
obtained approximately 80 per cent of 
potency when tested against a crystalline 
sodium salt of penicillin. The vial of stand- 
ard that had been shipped to the manufac- 
turer was reshipped to the Food and Drug 
Administration for further testing. On these 
tests, assay values of 103 and 109 per cent 


of potency were obtained when tested against 
the master standard. A similar experience 
was had with two other manufacturers. 
The suggestion was made that possibly some 
electrical phenomenon was responsible for 
the lower potency results obtained in the 
hands of certain manufacturers receiving the 
sodium sulfate working standard. This was 
premised on the possibility that during 
transit from Washington tothemanufacturing 
plant the penicillin, because of an electrical 
charge, was adsorbed on the glass to a 
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greater degree than the sodium sulfate, thus 
resulting in a dilution of the penicillin in the 
sample weighed by the manufacturer at the 
time of test. The fact is, however, that 
samples of the working standard returned to 
us after having been found to be low in 
potency by the manufacturer when tested 
against crystalline penicillin have been 
found to be fully potent when tested by the 
Food and Drug Administration. At the 
present time there seems to be no clear ex- 
planation for the differences in results. 


However, since it is essential that there be 
no disagreement on the potency of the 
working standard in use by the Food 
and Drug Administration, it has been 
decided that the present sodium sulfate 
working standard will be discarded, and 
a new working standard consisting of 
crystalline sodium penicillin ““G’’ be estab- 
lished. On January 11 the Commissioner 
of the Food and Drug Administration an- 
nounced the establishment of crystalline 
sodium penicillin “G”" as the new working 
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standard. This standard has a potency of plies will be sent to all manufacturers o 
1667 units per milligram and monthly sup- penicillin and penicillin products. 


SUMMARY 


The effect of a composition of penicillin, The results of collaborative studies on 
the ingredients of the culture media, and three penicillin standards are given; a % 
zone reading devices on potency determina- dium sulfate working standard, a calcium 
tions are discussed together with the useful- working standard, and a sodium salt working 
ness of the chemical method-of assay. standard ““X” (master standard). Results 
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from fifteen collaborating laboratories show: 


1. The variations in individual assay re- 
sults within each laboratory. 

2. The variations between average re- 
sults reported by each laboratory. 

3. The average error of the assay as cal- 
culated from the individual assay 
results. 

4. The correlation between assay results 
on two different penicillins assayed 
by the same laboratory. 

5. The change in potency of penicillin 
solutions due to aging. 


Charts comparing estimated potencies ob- 
tained by the manufacturer with those ob- 
tained by the Food and Drug Administra- 
tion on the same lot are included. 
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Some Cardiac Effects of Isonipecaine (Demerol)* 


By E. LEONG WAY and E. WILLIAM LIGON, JR. 


Jsonmecarne (demerol or 1-methyl-4- 

phenylpiperidine-4-carboxylic acid ethyl 
ester hydrochloride) has been shown to be a 
cardiac depressant (1, 2) and a local anes- 
thetic (3). These findings suggested to us 
that isonipecaine might act similarly to pro- 
caine, cocaine, and other local anesthetics 
which have been found to decrease the tend- 
ency for disturbances in cardiac rhythm 
(4-7). 

We are reporting on the effects of iso- 
nipecaine on the cardiac threshold for the 
production of premature systoles and on its 
musculotropic and vagotropic properties. 
The observations were made on amphibian, 
reptilian, and mammalian hearts. 


EXPERIMENTAL 
Musculotropic Effects 


Perfused Frog Heart—Studies were made on 21 
frog hearts (Rana Catesheiana). Perfusions 
through the excised heart were made via a sinus 
cannula for inflow (about 10 cm. H,O) and an aortic 


* Received Dec. 4, 1945, from the Department of Pharma- 
cology and Expefimental Therapeutics, The George Washing- 
ton University School of Medicine, Washington, D. C. 

+ Our studies on isonipecaine were initiated at the sugges- 
tion of Prof. G. B. Roth. We are also indebted to him for his 
invaluable assistance and advice. The isonipecaine was 
furnished by the Winthrop Chemical Company. Mr. 
Rollan Swanson rendered the technical assistance. 


cannula for outflow (0 cm. H,O). The rate and 
amplitude of the heart were always decreased by 
isonipecaine (hydrochloride or free base) in concen- 
trations of 1:100,000 or greater, and usually by 
dilutions of 1:200,000. Isonipecaine, 1:20,000 to 
1:10,000, caused marked slowing an arrhythmia. 
Cardiac arrest in diastole usually resulted with con- 
centrations greater than 1:4000. The depressant 
effects were abolished on perfusion with fresh 
Ringer’s solution. 

When isonipecaine was compared with other car- 
diac depressants by determining the minimal effec- 
tive concentration of each drug to produce the same 
degree of depression of rate and amplitude, iso- 
nipecaine was found to be 10-30 times as effective 
as chloral hydrate, 3-10 times as effective as sodium 
pentobarbital, and 5-15 times as effective as pilo- 
carpine nitrate. The depression caused by iso- 
nipecaine, chloral hydrate, or sodium pentobarbital, 
unlike that of pilocarpine, was not antagonized by 
atropine sulfate. These findings support the view 
(1, 2) that i isonipecaine is directly depressant to the 
myocardium. 

Exposed Intact Turtle and Frog Hearts—Hearts 
(one turtle and four frogs), previously depressed by 
applying pilocarpine (1:200), were rendered non- 
responsive to a second application of pilocarpine by 
dropping atropine (1:1000) on the heart. Subse- 
quent administration of isonipecaine, chloral hy- 
drate, or pentobarbital (1:200), diminished heart 
rate and amplitude, thus strengthening the evidence 
of the perfusion experiments indicating musculo- 
tropic action of isonipecaine. 
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Vagotropic Action 
Exposed Intact Turtle Hearts—In ten out of 


fifteen turtle hearts, concentrations of arecoline 
hydrobromide (1:1,000,000-1:100,000), which pre- 
viously had diminished heart rate and amplitude, 
were totally or partially ineffective following iso- 
nipecaine (1:50,000 to 1:5,000). The blocking of 
cardiac response to arecoline, however, was much less 
than that obtainable with atropine (1:50,000). 

In six out of seven turtles the right vagal threshold 
to faradic stimuli was increased following applica- 
tion of isonipecaine (1:50,000 to 1:10,000) on the 
heart. This was indicated by the fact that the ex- 
posed hearts failed to respond to vagal stimulation 
at original threshold levels following isonipecaine, 
but responded when the strength of the vagal stimuli 
was increased. 

Exposed Intact Mammalian Heart.—Two dogs, 
anesthetized with sodium barbital, 0.25-0.3 Gm./ 
Kg. intraperitoneally and maintained by artificial 
respiration, gave results similar to those obtained on 
turtles, the vagal threshold being raised by iso- 
nipecaine, 5 mg./Kg. intravenously within a minute 
after injection. 

Increased vagal threshold following isonipecaine 
(2.5 mg./Kg.) intravenously was also noted in one 
rabbit, anesthetized with 1.7 cc./Kg. paraldehyde 
orally. 

Rabbit Blood Pressure.—Three rabbits were 
anesthetized with paraldehyde 1.7 cc./Kg. orally. 
The fall in blood pressure following vagal stimula- 
tion was blocked by injecting intravenously, iso- 
nipecaine, 2 mg./Kg., although isonipecaine itself 
caused an initial fall in blood pressure. 

The results of the above experiments agree with 
the findings (1, 2, 8) that isonipecaine is depressant 
to the cardiac vagus. However, this vagal inhibi- 
tory action is considerably less than that of atropine. 

Effects on the Threshold for the Production of 
Premature Systoles: Method.—The apparatus em- 
ployed for studying this effect was similar in princi- 
ple to the automatic cardiac stimulator described 
by Mautz (4). The exposed heart was furnished 
with a break stimulus at the same point each time 
in the cardiac cycle by setting up the lever arm to 
automatically break a mercury contact during 
diastole, thus interrupting the current of the primary 
circuit. The stimulus was transmitted to the heart, 
using one common and two other leads, either of 
which could be used at will. 

Studies were made on the exposed intact heart of 
fourteen turtles and five dogs. Turtles were pre- 
pared by a crushing blow on the head; dogs were 
anesthetized by sodium barbital intraperitoneally, 
0.25-0.30 Gm./Kg. The chest was opened along 
the midline and artificial respiration was instituted 
via a tracheal cannula attached to a respiratory 
machine. A pericardial cradle for suspending the 
heart was made by opening the pericardium and 
stitching the edges to the retracted chest opening. 
After the hearts were exposed and the leads con- 
nected, the minimal strength for eliciting premature 


contractions (as indicated by the distance separation 
between the primary and secondary coils of the 
inductorium) was determined for each electrode. A 
small pledget of cotton previously immersed in qa 
solution of isonipecaine was then placed upon the 
contact point of one electrode, while the other elec. 
trode served as a control. After allowing at least 
two minutes for the drug to act, the cotton was re- 
moved and the area flushed with isotonic saline, 
The minimal strength to elicit premature systoles 
was again determined for each electrode. Concen- 
trations of isonipecaine varying from 0.5% to 5% 
were tried; however, most of the studies were made 
using a 1%% solution on turtle hearts and a 5% solu- 
tion on dog hearts. Equivalent concentrations of 
procaine were used for comparison. 


RESULTS 


In every case, whether on the turtle or on the dog 
heart, the threshold for eliciting premature systoles 
at the site treated with isonipecaine or procaine was 
raised approximately to the same extent. The 
effects were found to be reversible as the original 
threshold could be re-established after removal of 
the isonipecaine or procaine by washing the site with 
isotonic saline, the time of recovery being propor- 
tional to the concentration of the drug and its length 
of exposure. Any shift in the threshold that might 
not be due to the actions of isonipecaine was checked 
by determining the threshold level for the other area 
which received no drug. On dogs, the threshold of 
the control did not alter significantly, but on turtles 
the control threshold was often increased by iso- 
nipecaine after prolonged exposure. 


SUMMARY 


Evidence has been presented indicating 
that isonipecaine (demerol) is about as 
effective as procaine in raising the cardiac 
threshold for the production of premature 
systoles. In addition, isonipecaine has a 
musculotropiec action which is more depres- 
sant than that of chloral hydrate or sodium 
pentobarbital. Isonipecaine also has a vago- 
tropic effect, but this is considerably less 
than that of atropine. 
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Investigations of the Heavy 


Metals Test in the 


U. S. Pharmacopoeia XII*' 


By C. H. BUNDY? and W. W. EDMAN? 


A detailed study of the Heavy Metals Test in U. S. P. XII indicates that it is inaccurate 
and misleading for the following reasons: Appreciable amounts of heavy metals 
may be missed entirely; relatively large amounts of various metals may pass as 
equivalent to considerably smaller quantities of lead; light- or bright-colored sul- 
fides cannot be fairly matched against the darker lead compound; both the lighting 
and the vision of the observer are important factors in interpreting results; visual 
observations have been confirmed by tests with a photoelectric colorimeter. The 
possibilities of the presence of rarer metals, which would be indicated by the same 
test, and of other factors which might affect the accuracy of the test should.not be 
ignored. 


T=: study of the Heavy Metals Test as 
outlined in the U. S. Pharmacopeeia 

XII was first proposed at a meeting of the 
Scientific Advisory Committee of The Toilet 
Goods Association, because the test is fre- 
quently prescribed in the standard speci- 
fications for cosmetic raw materials. 

Although there are many references in 
the literature (1-6) on the general subject 
of metallic sulfides and their solubilities, 
either alone or mixed and under various 
conditions, there are relatively few that 
relate to solubilities under the conditions of 
the Heavy Metals Test as given in the U. S. 
Pharmacopeeia XII (7). The investiga- 
tion was therefore considered desirable in 
order to bring out into the open some of the 
known limitations of the Heavy Metals 
Test. 

The applicable section of the Heavy 
Metals Test (7) is as follows: 


Procedure for Testing Chemicals 


Solution A.—Introduce into a 50-ce, 
Nessler tube 2 cc. of diluted acetic acid, 
and exactly the quantity of standard 
lead solution containing the lead equiva- 
lent of the heavy metals limit specified 
for the substance to be tested, and make 
up to 25 ce. with distilled water. 


* Received Jem. ho 1946, from Ralph L. Evans Associates, 
New York 17, 

t Presented 4 the third annual meeting of the —— 
— of the Toilet Goods Association, New York, Dec. 


Ralph L. 
New York. 

§ This investigation was sponsored by The Toilet Goods 
Association. The authors gratefully acknowledge the advice 
and cooperation of Mr. H. D. Goulden, Director of Scientific 
Research and Standards of The Toilet Goods Association, and 
Dr. E. G. McDonough, Manager of Ralph L. Evans Asso- 
Ciates, during the course_of_the work. 


Evans Associates, Chemical Consultants, 


Solution B.—This consists of 25 cc. 
of the solution prepared for this test 
according to the specific directions in 
each monograph. 

Transfer solutions A and B to similar 
50-cc. Nessler tubes, add 10 cc. of hy- 
drogen sulfide T. S. to each tube, mix, 
allow to stand for ten minutes, then view 
downward over a white surface. The 
color of Solution B is no darker than 
that of Solution A. 


The problem under investigation was 
concerned with those metals that are de- 
tectable under the conditions of this test, 
with a view to ascertain whether very 
minute quantities would escape detection. 
It was decided to disregard theoretical con- 
siderations and apply the test to as many 
different known concentrations of as many 
different metals as seemed practicable. The 
work, therefore, was outlined in four steps, 
planned to: 


1. Estimate the sensitivity of the test 
separately for each metal of the 
acid sulfide group; 

2. Estimate the quantity of each of these 
metals that is necessary to match 
various concentrations of lead; 

3. Study the effect of various combina- 
tions of these metals in regard to 
sensitivity of the test and the quan- 
tity necessary to match various 
concentrations of lead; 

4. Study the effect of various anions 
both on the sensitivity of the test 
and on the quantity necessary to 
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match various concentrations of 
lead. 


At the completion of the second step a 
preliminary report was made to the com- 
mittee. Since then the work has been con- 
tinued through step three and in addition 
a partial study has been made of the useful- 
ness of monochromatic light in comparing 
the test solutions. This paper covers every- 
thing that has been accomplished in the 
investigation to date. 


EXPERIMENTAL 


I. Sensitivity for Individual Metals 


The metals that are separated as their sulfides in 
Group II of the usual scheme for qualitative analysis 
are antimony, arsenic, bismuth, cadmium, copper, 
lead, mercury, and tin. 


Preparation of Standard Solutions 


(a) Lead Solution.—The standard lead solution 
was prepared as directed in the Pharmacopceia; 
that is, 0.1598 Gm. of lead nitrate was dissolved in 
water, 1 ml. of concentrated nitric acid was added, 
and this was then diluted to1L. Ten milliliters of 
this stock solution was diluted to 100 ml., which 
was taken as the standard test solution for lead 
(1 ml. equivalent to 0.01 mg. of lead). This test 
solution was freshly prepared each day. All re- 
agents used were prepared as required in the U. S. P. 
XII, page 586. 

(b) Other Metals.—Three series of standard 
solutions of the other metals in Group II were 
prepared as follows: 


Series A, 0.4-1.0 Gm. of metal to the liter: The 
desired amount of the metal (or some salt of 
it) was carefully weighed on an analytical 
balance, dissolved in as little acid as possible 
and diluted to the desired volume. 

Series B, 10-60 micrograms of metal to the milli- 
liter: Suitable aliquots from the solutions in 
Series A were diluted to 1 L. 

Series C, about 1 microgram of metal to the milli- 
liter: Suitable aliquots from the corresponding 
solutions in Series B were diluted to 1 L. 


In all cases, only enough acid was used for Series 
A to make the salt or metal dissolve and just enough 
was added for Series B and C to keep any precipitate 
from forming. In Series B, the concentration of 
acid was 0.02 N or less; and in Series C, less than 
0.001 N (except for antimony which was 0.07 N in 
B and 0.06 Nin C). Therefore, it was felt that in 
using 1 to 5 ml. of these standard solutions in the 
test, the amount of acid introduced would not be 
enough to affect the conditions for all practical pur- 


poses. 


Technique of Test 


The procedure followed was exactly as prescribed 
in the Pharmacopeeia; that is, 2 ml. of 6% acetic 
acid was put into one of a set of matched Nessler 
tubes, the desired amount of standard metal solution 
was added, and enough distilled water to make 25 
ml. The mixture wads shaken and 10 ml. of hydro. 
gen sulfide test solution was added; it was shaken 
again and allowed to stand for ten minutes. 

Beside this tube was placed a similar Nessler 
tube containing either a blank solution (for pur. 
poses of control, prepared exactly like the preceding 
except ‘that it contained no metal), or a standard 
lead solution, and the two tubes were then viewed 
by looking directly downward through them.! 

The study of each metal involved two determi. 
nations: 


1. The amount of metal that had to be present 
before a difference could be noted between 
the test solution of the metal in question 
and the blank solution; 

2. The amounts of the metal in question that 
appeared to match various concentrations 
of lead. 


. The blank solution was first checked against a 
solution containing 1 microgram of the metal. If 
no difference was observed between these two, 
additional solutions of the metal were made up, 
containing 2 micrograms, then 3, and so on, until 
the solution of metal appeared darker or more 
turbid than the blank. 

Two figures were usually obtained for this point: 
one concentration at which the solution appeared 
different from the blank to one observer at one time 
but not at another time, or appeared different to 
one observer but not to all; and a second concen- 
tration—slightly higher—at which the solution 
under test appeared distinctly different from the 
blank at all times to all observers. These variations 
in concentration for each of the metals are shown in 
Table I. 


II. Variations in Apparent Equivalents 


After the amount needed to show a difference from 
the blank was determined for each metal, as shown 
in Table I, solutions containing those amounts were 
then compared with various standard lead solutions 
until each was apparently matched. Finally solu- 
tions of higher concentrations of the various metals 
were made up (5, 10, 20, 40 micrograms) and com- 
pared with lead solutions until each was matched. 

With bismuth, copper, and mercury it was pos- 
sible to increase the quantities to 55-65 micrograms 
of the metal and still obtain fairly good matches for 
the lead solutions; but with cadmium and tin it 
was not possible to match the lead solutions ac- 
curately even in amounts as low as 10-15 micro 


1 The rack for Nessler tubes has a reflector of opal glass 
at the bottom. For uniform background and to cut of 
excessive shadows and reflections, a piece of white paper was 
pasted over one side of the rack. 
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The shadings of the test solutions of other 
metals tended to differ more widely from those of 
the lead test solutions as the concentrations in- 
creased. 

In general, it was found that the results obtained 
depended upon the brightness of the light in which 
the solutions were matched and upon the eyesight 
of the person making the observations. Usually 
the comparisons were checked by several persons. 
It seemed that the best results were obtained on a 
partly cloudy day, or late in the afternoon in the 
absence of strong sunlight. No artificial lighting 
was used in making any of the comparisons. 


TABLE I.— VARIATIONS IN EQUIVALENTS OF METALS 


Micrograms Required for 
Difference from Blank 


Metal Probable Positive 
Antimony 4 5 
Arsenic - 3 4 
Bismuth 5 6 
Cadmium 10 15 
Copper 2 3 

d 2 3 
Mercury 4 5 
Tin 4.5 7.2 


General Observations 


On the basis of the results obtained the seven 
metals investigated seemed to fall into three groups: 

1. Bismuth, Copper, Mercury.—The sulfides of 
bismuth, copper, and mercury are near enough to 
lead sulfide in color at the concentrations used to 
allow reasonably good matches of the test solutions 
with those of lead at concentrations as high as 60 
micrograms of the other metal, although the amount 
of lead that is needed to match a given concentra- 
tion of the other metal is usually less. 

2. Arsenic.—Very dilute solutions of arsenic 
sulfide match those of lead, but, when there is more 
than 20-25 micrograms arsenic present, the yellow 
color of the arsenic sulfide becomes more noticeable, 
and the arsenic solutions appear so much lighter 
and brighter that good matches are impossible. 

3. Antimony, Cadmium, Tin.—The sulfides of 
antimony, cadmium, and tin are so intensely colored 
that the test solutions cannot be accurately matched 
to the lead solutions even in quantities of 10 micro- 
grams or less. Test solutions of these metals always 
appear lighter than those of lead; the higher the 
concentration, the lighter and brighter the solutions 
appear, so that there is almost no chance of matching 
them against lead solutions. Moreover, a higher 
concentration may be present than is possible with 
bismuth, copper, or mercury before the color shows 
up against the blank. 


In making these comparisons, it was found that, 
except at very low concentrations, the test solutions 
of lead always looked duller and more grayish brown 
than those of the other metals. Solutions of arsenic, 
bismuth, copper, and mercury matched the lead 
solution fairly well at low concentrations, but at 
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higher figures the bismuth solution became reddish 
brown, the mercury solution greenish brown, the 
arsenic yellowish, and all were brighter. Even at 
low concentrations the solutions of antimony, cad- 
mium, and tin were brighter and more noticeably 
colored than those of lead. Cadmium made a 
conspicuous example, because the precipitate of 
cadmium sulfide was so strongly yellow and so bright 
that a solution containing only 8-10 micrograms of 
the metal appeared lighter even than the blank, 
although its turbidity and slight yellowish tinge 
indicated that it was more concentrated. It seems 
definitely impossible to compare solutions of these 
light-colored sulfides with the blank or with lead 
solutions on the basis of darkness or lightness of 
shades, although it might be: possible to work out 
something on the basis of turbidity. 


Evidence of Error 


The results obtained are summarized in Table II. 
This shows the varying quantities of the different 
metals investigated that might pass the official 
Heavy Metals Test as equivalent to or less than 
several arbitrarily chosen quantities of lead. 

These figures show that under the conditions of 
the official test considerable amounts of the various 
metals could be passed through as relatively few 
parts per million of heavy ‘metals. For example 
(see Table IL), 50 micrograms of mercury would be 
passed as 15 micrograms of heavy metals; and 19 
micrograms of arsenic would pass as 10 micrograms 
of heavy metals. Copper and bismuth come nearer 
to matching the lead solutions equally at lower 


II.—MatcHep EQUIVALENTS OF LEAD AND 
OTHER METALS 


Micrograms Equivalent to Lead 
: Pb: Pb: Pb: Pb: Pb: Pb: Pb: 


Pb $ 

Metal 3 5 10 15 20 30 40 45 
Antimony 4 
Bismuth 6 $3 BHA we 
Copper 3 6 10 .. 3 42 6&6 
Mercury 5 10 41 


concentrations, but at higher concentrations even 
they could be present in larger amounts than the 
test would indicate. In general, as the concentra- 
tions increase, there is a corresponding increase in 
the difference between the amount of metal actually 
present and the amount of heavy metals indicated 
by the test. The metal actually present far exceeds 
that shown in the test; therefore, the higher the 
concentration, the greater the percentage of error. 
Even under the best conditions, there is con- 
siderable error inherent in these tests. It is im- 
possible to note any difference between two Solutions 
of the same metal that vary from one another by 
one, two, three, or sometimes even more micro- 
grams of the metal. For example, if a certain 
copper solution matches a solution that contains 
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10 micrograms of lead, about the only justifiable 
assumption is that the copper content is between 
8 and 12 micrograms, because (as shown in Table 
I) a change of about 3 micrograms in concentration 
is needed before any effect is noted in the color of 
the solution. The amount of the change in con- 
centration that is required before any difference is 
visible in the comparisons varies with each metal. 
In the range of concentrations where matching 
against lead is possible at all, the amount of change 
required appears to be approximately the same 
as the amount that must be added before any 
difference from the blank can be detected. 


III. Sensitivity for Mixtures of Metals 


The investigation thus far had dealt solely with 
solutions containing only one metal. Now in order 
to see what might result when more than one metal 
was present, known amounts of various metals were 
mixed and these solutions were compared with the 
lead standards. For these tests, bismuth, cadmium, 
and tin were omitted, and the solutions were made 
of various combinations of two of the other five 
metals: antimony, arsenic, copper, lead, and 
mercury. 


Preparation of Solutions 


First Series.—-In the first set of solutions each 
metal was present in the amount in which it had 
been just detectable alone (Table I). The results 
of these comparisons were rather good; the concen- 
trations of lead were usually within 1 microgram of 
the total amounts of mixed metals. For example, 
a mixture of 3 micrograms of lead and 3 of copper 
matched 6 micrograms of lead. However, in two 
mixtures in which there was less of each metal than 
had been detectable alone, no difference could be 
noted between these mixtures and the blank. For 
example, 3 micrograms of lead were indicated al- 
though 4 micrograms of heavy metals were actually 
present. These comparisons are summarized in 
Table III. 


TABLE III.— EQUIVALENTS OF LEAD WITH MIXED 
SoLuTions (a) 


Micrograms Total 
Test of Metals Micrograms 
Solution Present Heavy Metals 


1 Lead 8 5 
Mercury 


Equivalent 
in Lead 


6 
6 
7 
8 


Antimony 
per 
Mercury 
7 Lead 
Arsenic 


2 
3 
4 Arsenic 
5 
6 


3 
(or blank) 
(or blank) 


ON A A 


Second Series.—In the next series of tests four 
solutions were prepared, each containing 15 micro- 
grams of heavy metals in the porportions shown in 
Table IV. Two of these (lead-mercury and arsenic- 
mercury) matched a 6-microgram lead solution and 
two (lead-arsenic and lead-copper) matched 8 micro- 
grams of lead. 


TABLE IV.—EQUIVALENTS OF LEAD WITH MIXED 
SoLutTions (0) 


Test Micrograms of a Equivalent 
Solution Metals Present Heavy Metals in Lead 

1 Lead 5 15 8 
Arsenic 10 

2 Lead 5 15 6 
Mercury 10 

3 Lead 5 15 8 
Copper 10 

4 Mercury 5 15 6 
Arsenic 10 

5 Lead 10 15 ’ 12 
Arsenic 5 

6 Lead 10 15 11 
Mercury 5 

7 Lead 10 15 11 
Copper 5 

8 Mercury 10 15 8 
Arsenic 5 


Using other solutions which contained 15 micro- 
grams of the same metals with the proportions re- 
versed, the lead-arsenic combination matched 12 
micrograms of lead; the lead-mercury and the lead- 
copper matched 11 of lead; and the mercury-arsenic 
matched 8 of lead. For every mixture containing 
lead, the figure for the mixture was nearer to the 
amount of lead present than to the total of heavy 
metals present. 


TABLE V.——EQUIVALENTS OF LEAD wWitH MIXED 
SoLuTions (c) 


Total 


Test Micrograms of Micrograms Equivalent 
Solution Metals Present Heavy Metals in Lead 

1 Lead 20 40 23 
Arsenic 20 

2 Lead 20 40 18 
Mercury 20 

3 Lead 20 40 28 
Copper 20 

4 Mercury 20 40 14 
Arsenic 20 

5 Mercury 2 10 10 
Arsenic 2 
Lead 2 
Copper 2 
Antimony 2 

6 Mercury 5 20 15 
Arsenic 4 
Lead 3 
Copper 3 
Antimony 5 


Third Series.—Using still higher concentrations 
of the same pairs of metals, it was found that in 
equal proportions (20 micrograms each), the re- 
sulting figures were far less than the actual amounts 
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of heavy metals present (see Table V). The lead- 
copper combination was the highest, showing 28 
micrograms of heavy metals; lead-mercury showed 
only 18, which is lower than the figure for lead alone. 

Fourth Series.—Finally two solutions containing 
five metals each were tested (see Table V). The 
first, containing 2 micrograms each of antimony, 
arsenic, copper, lead, and mercury, actually matched 
10 micrograms of lead; but the second solution 
with 20 micrograms 9f total metals (5 mercury, 4 
arsenic, 3 copper, 3 lead, 5 antimony) matched 
only 15 of lead. 

The mixture studied in this investigation repre- 
sents only a few of the countless combinations which 
might be made by mixing all these different metals 
in various proportions. They should suffice, how- 
ever, to show that although an occasional combina- 
tion may indicate the true content of heavy metals, 
the amount of metals present is usually far greater 
than would show in the test. The excess of metal 
actually present over that indicated by the test 
seems to depend on the total amount of metals and 
on the proportion of lead present in the mixture. 
With lower concentrations of metal the error tends 
to be less; and it decreases as the proportion of 
lead to the other metals in the mixture is increased. 


Photoelectric Tests 

In an attempt to eliminate errors in the U. S. P. 
Test due to variations in light, color of precipitates, 
and the human element involved, it was decided to 
compare the solutions of metals by electrically 
measuring the amount of light transmitted through 
them from a controlled light source. 

A Lumetron Photoelectric Colorimeter was avail- 
able for these determinations. This instrument 
(Fig. 1) consists of a source of light, an optical sys- 
tem which collimates the light into a parallel beam, 
and two photoelectric cells. One cell receives half 
of the light beam which is deflected to it before 
passing through the sample. The second receives 
the other half of the light beam after it has passed 
through the sample. The two cells are connected 
through a slide wire resistance and a galvanometer 
which measures the difference in photoelectric effect 
at the two cells. The cell that receives the de- 
flected light is mounted so that it will turn through 
an angle of 90°. In one position it receives the full 
light of the deflected beam, and in the other position 
it receives no effect from the light. There is a holder 
for the various light filters between the optical 
system and the point where the light beam is split. 

The procedure was to make up solutions contain- 
ing various amounts of single metals according to 
the U. S. P. procedure and then transfer them from 
the Nessler tubes to rectangular glass cells. The 
transmission of light was measured as follows: The 
blank was put in the sample holder first, the dial 
of the slide wire was set at 100, and the cells were 
balanced to zero reading on the galvanometer by 
rotating the movable cell. The blank cell was then 
replaced by the cell containing the solution to be 
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tested, and the galvanometer was again adjusted 
to zero by turning the dial of the slide wire. The 
final reading of this dial gives the percentage of 
light transmitted by the test cell, as compared with 
the blank, which is taken as 100. 

By using appropriate combinations of filters it 
was possible to expose the samples to narrow bands 
of light (about 30 millimicrons wide). Three 
different wave lengths were tried, 420 (blue), 550 
(green), and 750 (red). In the green and red ranges 
there was almost no difference between transmission 
through the blank and through the test solutions. 


A 8 
A—Light Source E—Prism 
B—Lens _ F—Balance Cell 
C—Sample G, H—Cell Adjusters 


D—Measuring Cell J, K—Filter Holders 


Figure 1 
Diagram of Photoelectric System 


Therefore, after trying three lead solutions and one 
arsenic solution at all three wave lengths, further 
tests were confined to the blue range where definite 
differences in the readings were obtained. 

Altogether eight solutions ‘of lead, two of arsenic, 
two of mercury, one of antimony, and one of cad- 
mium were made up and tested. All were com- 
pared with the blank by use of the Lumetron Colori- 
meter, giving the results shown in Tables VI and 
VIL. 


TABLE VI.—TRANSMISSION OF LiGHT: 


SOLUTIONS 
Micro- é 
grams of 
Lead Blank 3 56 10 15 20 30 40 5&0 
% Trans- 


mission 100 99.25 99.25 97.0 94.5 93.0 87.5 80.0 75.0 


TasBLeE VII.—TRANSMISSION OF LIGHT: OTHER 
METALS IN SOLUTION 


Metalin Ars- Ars- Anti- Mer- Mer- Cad- 
Solution enic enic mony cury cury mium 
Micrograms 


Present 20 40 20 10 40 50 
% Trans- 


mission 98 95 93.5 99 95.75 94.25 


The graph, showing concentration of lead against 
transmission, was not near enough to a straight 
line—or even a smooth curve—to permit any ac- 
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curate estimate of the content of other heavy metals 
in solutions from the concentration of lead that 
corresponded to their percentage of transmission on 
the graph. However, the instrument roughly 
checked the visual comparisons that had been made. 
With the Lumetron 20 micrograms of arsenic ap- 
peared equivalent to about 8 of heavy metals; 
visually it had been 10. Ten micrograms of mer- 
cury appeared as 5 of heavy metals by both methods; 
and 40 of mercury matched 12 of lead in the Lume- 
tron against 10 by the visual method. 

The Lumetron as used was not sensitive to con- 
centrations of lead below 6 or 7 micrograms. By 
the use of other attachments, which were not avail- 
able at the time, the sensitivity probably can be 
increased. For example, a cell of different shape— 
one that would allow the light to travel a longer 
path through the sample~would undoubtedly 
help. Considering the cost of the equipment and 
the time involved in using it, probably the instru- 
ment would not offer enough advantage over the 
visual method to warrant the regular use of it in 
tests for heavy metals. In this study, however, it 
served its purpose because it showed that even 
when the factors of variations in light, the un- 
certainty of human vision, and the colors of pre- 
cipitates are eliminated, the official Heavy Metals 
Test is still unreliable and shows less metal than is 
actually present. 


Additional Sources of Error 


The metals that were investigated in this study 
are all members of the acid sulfide group, as usually 


met in qualitative analysis and most likely to be 
present in any commercial sample. However, any 
estimation of the accuracy of the test in the Pharma- 
copeeia is further complicated by the fact that no 
less than twelve other metals would form a pre- 
cipitate if they were present. These are germanium, 
gold, indium, molybdenum, osmium, palladium, 
platinum, rhodium, ruthenium, selenium, tellurium, 
and tungsten, all of which are mentioned in the 
literature as less usual members ef Group II in the 
scheme of qualitative analysis a’ d which would 
therefore be precipitated along with the better 
known metals. These metals would rarely be pres- 
ent in cosmetics, but in interpreting the results of 
the Heavy Metals Test, their presence must always 
be considered a possibility, unless they are known 
to be absent, or actually have been removed from 
the sample previously. 

Three other factors that may affect the sensitivity 
and accuracy of the Heavy Metals Test but which 
have not yet been investigated are: 

1. Possible precipitation of metals not ordinarily 
found in the acid sulfide group in qualitative analy- 
sis. For example, silver and zinc will form sulfides 
in dilute acetic acid solution but the minimum con- 
centration of these metals that could be detected 
has not been ascertained. Chromium and iron 
may also form sulfides in acid solution under certain 
conditions; hence they, too, may appear in the test. 

2. The effect of the presence of various anions 
on the solubility and appearance of the sulfides. 

3. The effect of various types of organic ma- 
terials on the solubility and appearance of the 
sulfides. 


CONCLUSIONS 


The Heavy Metals Test as given in the 
U. S. Pharmacopeeia XII will indicate the 
presence of metals of the sulfide group, but 
the results obtained cannot be considered 
quantitatively accurate or reliable for the 
following reasons: 

1. Appreciable amounts of metal may 
be missed entirely; and fairly large amounts 
of the various metals may pass as equal to or 
less than a considerably smaller amount of 
lead. 

2. It is almost impossible to match the 
lighter-colored sulfides against lead sulfide. 


3. Results are affected by the intensity 
of the light in which the comparisons are 
made and by the vision of the observer. 

4. The official test appears to be mislead- 
ing even if only one metal is present; where 
several are present, as in most commercial 
samples, the test seems to be just as in- 
accurate. 

5. Certain other members of Group II 
(although rare in cosmetics), members of 
other groups of metals, certain anions, and 
several organic compounds must also be 
considered. 
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The Influence of Fertilizers on the Growth and 
Alkaloidal Content of Hyoscyamus niger Linn.* 


By S. PRASADt 


IX THE previous communication (1) the ef- 

fect of nitrogen, phosphoric acid, and 
potash on the growth, development, and 
alkaloidal content of Datura alba Nees was 
studied. The results indicated the impor- 
tance of nitrogen and potassium in inducing 
greater alkaloid formation in those plants. 
Since then the investigation has been ex- 
tended to Hyoscyamus niger Linn. with a 
view to indicating more precisely the role of 
these mineral ingredients upon growth and 
alkaloidal synthesis. 

The experiment was conducted on plots 
statistically laid out to investigate the rela- 
tive effects of N, P, and K upon a number of 
growth characters like the shoot height, dry 
matter accumulation, and alkaloidal content 
of the flowering shoot. Suggestions have 
been made as to the manner in which these 
characters are affected by the application of 
fertilizers. 


EXPERIMENTAL 


Material and Methods.—Healthy seeds of Hyo- 
cyamus niger were germinated in well-prepared seed 
beds in the month of November, 1943. After about 
a month when the seedlings had attained a length of 
about 2 cm., they were carefully transplanted to the 
experimental plots. 

A piece of virgin land about one-fourth of an acre 
in size was selected for purposes of experimentation. 
The land was prepared three months before trans- 
planting. The experimental area was divided into 
four blocks and each block was subsequently di- 
vided into eight plots each 15 feet by 18 feet in size. 
The soil was carefully dug out and thoroughly pul- 
verized before sowing. Manuring of plots was done 
a week after transplanting. Proper care in regard to 
hoeing and irrigation was taken at regular intervals 
throughout the growth of the plants. 

Layout Plan of the Experiment.—The system of 
replication was composed of four randomized blocks 
of eight treatments each: Sulfate of ammonia 
(20.6% N); bone meal (21.0% P.O,); sulfate of 
potash (48.6% K;0). 


® Received July 16, 1945, from the Department of Pharma- 
ceutics, Benares Hindu University, Benares, India. 

t Acknowledgement is made to Dr. K. N. Lal, of the Col- 
lege of Agricultural Research, Benares Hindu University, for 
his suggestions. 


Mm = no manure po = no manure 
m, = 600 Gm. pet X = 300Gm. per> X 
plot plot 
ko = no manure 
k, = 100 Gm. per plot 
Total number of treatments = 2 X 2 X 2 = 8. 


The plot size was '/\ of an acre, and the date of 
transplanting was January 4-8, 1944. 

Sampling of plants for measurement of growth 
characters was done according to the procedure al- 
ready described (1). Records of these characters 
were taken regularly at intervals of one month 
throughout the life-cycle. The alkaloidal content, 
which was estimated at the flowering stage when the 
plants were about four months old, was determined 
according to the following method. All observations 
were examined statistically to test the significance 
of the result. 

Twelve grams of dry leaves and flowering tops 
(obtained from representative samples of the four 
blocks) in No. 60 powder, were macerated with 120 
cc. of 70% alcohol for about seventy-two hours and 
frequently shaken. One hundred cubic centimeters 
of this tincture representing 10 Gm. of the material 
were filtered quickly through cotton wool into a 
beaker and evaporated on a water bath. Twenty 
cubic centimeters of N HCl was added to it. The 
solution was stirred with a glass rod for fifteen 
minutes and then transferred to a separatory funnel. 
The beaker and the funnel were washed with a few 
cubic centimeters of distilled water and the washings 
added to the acidic solution in the separatory funnel. 
The solution was made alkaline with ammonia and 
shaken with 30, 20, 15, and 10 cc. of chloroform 
until complete extraction of the alkaloids was ef- 
fected. The total amount of chloroform containing 
the alkaloids was distilled off on a water bath and 
5 ce. of neutral dehydrated alcohol added to the 
residue which was then evaporated and dried for 
two hours at 80°. The residue was finally dissolved 
in 20 cc. N/20 sulfuric acid, using methyl red as 
indicator. The total amount of alkaloids calculated 
as hyoscyamine was determined from 1 cc. of N/50 
sulfuric acid as being equivalent to 0.005784 Gm. of 
alkaloids. 


RESULTS 


Plant Appearance.—Appreciable differences in the 
development of plants became evident almost a 
fortnight after the application of fertilizers. Plants 
receiving N alone or those treated with mp, nk, or 
npk developed a good rosette of leaves during the 
early periods when stem elongation was not marked, 
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and later they were conspicuous by their sturdy and 
luxuriant growth. Those receiving no nitrogen 
(viz., p, k, pk and controls) did not form such good 
rosettes as the N-treated plants and possessed poorly 
developed leaves which arose in many cases sep- 
arately on the stem and were yellowish green in 
color; these plants, in general, showed a pale and 
sickly appearance with thinner and fewer branches. 
Differences between the +N (n, np, nk, and npk) 
and —N (p, k, pk, and O) plots were more pro- 
nounced toward the adolescent stage when the former 
were characterized by tall flowering stalks, thicker 
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while potassium showed some response only at the 
third month of growth. 

Age effects under all the treatment combinations 
were more or less identical in the sense that the 
height of the plants increased with advance in age 
until the fifth month. 

Percentage increase in height (Table II) was high- 
est at the third month of observation after which it 
declined with age. Plants receiving nitrogen with 
or without P or K, however, showed greater percent- 
age increase in the second month. Nature of growth 
as determined by stem elongation or percentage in- 


TaBLe I.—HeEIGuHT OF PLANTS UNDER VARIOUS TREATMENT COMBINATIONS 


Mean height per plant in inches 


Age in Treatment 
Months n ? k np nk pk npk No manure 
2 3.15 2.48 2.43 3.23 3.23 2.48 3.33 2.63 
3 10.36 8.86 9.48 8.80 10.34 8.34 10.64 8.08 
4 26.00 19.40 15.93 27.80 28.50 18.90 27.50 17.65 
5 29.48 23.25 21.13 32.25 33.35 22.00 32.50 21.00 
Main effects and interactions 
N P K wx P NXK PXK NXPXKEK 
2 +0.7 +0.028 +0.003 +0.078 +0.103 +0.068 —0.038 (S.E. +0.038) 
3 +1.345 —-0.405 +0.675 —0.225 +0.235 —0.015 +0.945 (S.E. +0.243) 
4 +9.475 +1.375 +1.990 +1.015 +1.100 —0.400 +0.990 (S.E. =1.252) 
5 +10.053 +1.263 +0.753 —-0.298 +1.313 —1.248 —0.568 (S.E. +0.736) 


TaBLe II.—PERCENTAGE INCREASE IN HEIGHT UNDER VARIOUS TREATMENT COMBINATIONS 


Months k pk No manure 
2 93.00 73.28 65.92 94.98 94.98 73.28 97.32 78.30 
3 106.74 112.46 118.40 102.84 104.82 108.34 104.62 111.78 
4 86.02 74.60 50.74 92.83 93.52 77.54 88.40 89.92 
5 11.09 18.06 28.08 14.82 29.46 15.16 16.77 17.33 


and more robust appearance, and larger leaves, 
these being 8-10 inches long and 2-3 inches broad in 
the basal part and 3-5 inches long and 2-3 inches 
broad in the upper region. Plants receiving no nitro- 
gen bore leaves 3-4 inches long and 2-3 inches broad 
in the basal portion and 2-3 inches in length and 1-2 
inches in breadth in the upper part of the plant. 
Shoot Length.—Height of the main shoot was in- 
creased positively at all the stages of plant growth in 
response to nitrogen; all these increases were highly 
significant (Table I). Main effects due to P were 
positive at three stages and negative at one; at 
none of the stages was the response significant. 
Main effects due to K were positively significant only 
at the third month of growth; at other stages the 
positive values did not attain the level of Signifi- 
cance. All interactions except N X K at the second 
month and N X P X K at the third month were in- 
significant. The general nature of response thus in- 
dicated that nitrogen was the determining factor in 
increasing stem length throughout the life-cycle, 


crease in height remained practically identical and 
variations discernible at some stage in certain treat- 
ments were not consistently similar. 

Dry Matter Accumulation.—Nitrogen increased 
the dry weight of the entire plant at all the stages 
and the increases were highly significant (Table III); 
phosphorus showed negatively significant response 
at the fourth month of growth, while potassium 
showed positively significant results at the third 
month. At other stages the responses were insigni- 
ficant. Interaction due to N X P was negatively 
significant at the second month but positively so at 
the fourth month; that due to N X K was positively 
significant at the third month and that due to P X K 
at the second and third months. Higher order inter- 
action, N X P X K, was significant only at the third 
month; at other stages the effects were insignificant. 

The responses of these fertilizers on the dry weight 
of roots were slightly different from those on the en- 
tire plant. None of the main effects or interactions 
were significant during the early stages (second and 
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ofr crm bo ort crm bo orm bo 
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Dry Weight of the Entire Plant (Mean Weight per Plant in Gm.) 


+ 


Treatmen 


n k np nk pk npk No manure 
0.311 0.137 0.124 0.252 0.287 0.150 0.280 0.133 
1.207 0.423 0.454 0.997 1.257 0.646 1.473 0.469 
20.610 6.058 7.363 22.402 21.049 6.139 22.702 6.594 
50.150 24.790 22.918 52.288 54.788 20.833 56.370 14.738 
Main Effects and Interactions 
N P K NXP NXE PXK NXPXKEK 
+0.146 -—0.009 +0.002 -—0.024 -—0.0001 +0.018  —0.007 (S.E. +0.005) 
+0.736 +0.0388 +0.184 —0.035 +0.080 +0.167 +0.047 (S.E. +0.018) 
+15.153 -—2.079 +0.398 +1.302 —0.030 —0.207 +0.138 (S.E. +0.274) 
+32.480 +2.922 +3.211 -—1.061 +1.125 —2.923 +2.896 (S.E. +3.289) 
Dry Weight of Roots (Mean Weight per Plant in Gm.) 

0.041 0.018 0.022 0.039 0.024 0.018 0.025 0.023 
0.157 0.037 0.033 0.151 0.121 0.155 0.187 0.044 
1.080 0.353 0.392 1.092 0.942 0.299 1.099 0.389 
2.940 1.408 1.310 3.650 3.298 1.098 2.998 1.018 

Main Effects and Interactions 

N P K N X P NXE PXK NXPXE 
+0.012 -—0.002 —0.008 +0.005 -0.005 +0.004 +0.0003 (S.E. +0.029) 
+0.087 +0.044 40.027 -0.015 -0.027 +0.050 -0.015 (S.E. +0.069) 
+0.696 +0.011 -—0.046 +0.075  +0.023 +0.046 (S.E. =0.026) 
+2.262 +0.396 +0.171 +0.382 +0.180 -0.154 +0.147 (S.E. =0.094) 

Dry Weight of Stem (Mean Weight per Plant in Gm.) 
Treat t 

” ? k np nk pk npk No manure 

0.083 0.038 0.054 0.078 0.059 0.047 0.064 0.056 

0.247 0.128 0.131 0.216 0.215 0.179 0.242 0.101 

6.130 1.917 2.165 7.010 6.057 1.960 6.935 2.107 

23 .'300 9.738 8.595 23.900 22.903 7.953 24.465 5.613 

Main Effects and Interactions 
N P K N X P NXE PXK NXPXK 
+0.022 -—0.006 -—0.008 +0.006 —-0.011 +0.005 -—0.0003 (S.E. +0.026) 
+0.095 +0.018 +0.019 —0.020 —0.022 +0.020 +0.009 (S.E. 0.008) 
+4.493 +0.343 —0.015 +0.416 —0.060 —0.007 +0.005 (S.E. +0.089) 
+15.668 +1.412 +0.342 -—0.330 -0.257 -0.951 +1.433 (S.E. #1.673) 
Dry Weight of Leaves (Mean Weight per Plant in Gm.) 
k nk pk npk No manure 
0.177 0.081 0.048 0.135 0.204 0.085 0.191 0.049 
0.803 0.257 0.196 0.630 0.921 0.312 1.045 0.324 
13.400 3.778 4.808 14.300 14.050 3.880 14.667 4.097 
23.900 13.645 13.013 24.738 28.585 11.783 24.908 8.208 
Main Effects and Interactions 
N P K N X P NXK PXK NXPXKEK 
+0.111 —0.004 +0.027 -—0.031 -0.020 +0.009 +0.006 (S.E. =0.014) 
+0.578 0.000 +0.115 -—0.025 +0.152 +0.120 +40.029 (S.E. =0.024) 
+9964 +0.068 +0.458 +0.441 +0.051 —0.224 +0.082 (S.E. +0.233) 
+14.899 +1.365 +2.974 +1.452 +1.566 (S.E. =1.889) 
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TaBLe IV.—-PERCENTAGE INCREASE IN Dry Matter ACCUMULATION UNDER VARIOUS TREATMENT 


COMBINATIONS 
Age in 4 Treatment 
Months n ? k np pk npk No manure 
Entire plant 
2 174.72 146.82 142.06 169.22 172.73 150.88 172.08 145.46 
3 118.06 102.14 114.20 119.34 125.68 124.64 136.12 111.62 
4 177.80 173.88 176.74 182.92 177.38 161.94 175.48 173.65 
5 83.46 121.40 102.74 80.04 80.04 108.92 85.16 76.36 
Root 
2 181.38 160.00 166.66 180.48 169.22 160.00 170.34 168.02 
3 117.18 69.08 40.00 117.86 133.78 158.40 152.80 62.68 
4 133.06 162.04 168.86 151.42 154.10 63.44 141.84 159.36 
5 92.54 119.82 108.06 107.88 111.12 114.38 92.70 89.44 
Stem 
2 181.60 161.94 179.72 180.48 174.24 168.42 176.48 173.23 
3 99.38 108.42 83.24 93.90 113.86 116.82 116.24 57.32 
4 184.78 171.10 177.14 188.08 195.04 166.52 186.52 181.7. 
5 116.70 146.52 119.48 109.28 116.38 120.90 111.48 .82 
Leaf 
2 168.78 137.48 104.76 160.00 172.64 140.00 170.86 106.26 
3 127.7 104.14 121.32 129.41 127.48 114.36 138.20 147.44 
4 177.48 164.52 184.34 183.08 175.44 170.50 173.40 170.66 
5 56.34 113.30 92.10 53.48 68.20 101.54 65.36 65.72 
TABLE V.—PLANT Rat10s UNDER VARIOUS TREATMENT COMBINATIONS 
Age te 
Months n ? k n pk npk No manure 
Shoot /Root 
2 6.341 6.610 4.642 5.461 10.959 7.353 10.201 3.750 
3 6.687 10.378 9.910 5.603 9.388 3.168 6.883 ). 657 
4 18.086 16.159 17.638 19.509 21.330 20.513 19.670 15.947 
5 17.522 16.610 16.489 14.380 15.610 17.974 17.823 13.480 
Mean 12.159 12.439 12.170 11.238 11.822 12.252 13/644 10.7 
Leaf /Root 
2 4.317 4.500 2.182 3.461 8.500 4.722 7.640 1.750 
3 5.114 6.919 5.940 4.172 7.612 2.013 5.589 7.362 
4 12.410 10.700 12.100 13.090 14.900 13.870 13.363 10.530 
5 8.87 9.694 9.928 7.832 8.668 10.730 9.665 7.966 
Mean 7.679 7.953 7.588 7.139 9.920 7.834 9.039 6.902 
Stem /Root 
2 2.024 2.110 2.460 2.000 2.459 2.611 2.561 2.000 
3 1.573 3.459 3.970 1.432 1.776 1.155 1.294 2.295 
4 5.676 5.459 5.5388 6.419 6.430 7.003 6.310 5.417 
5 8.648 6.916 6.561 6.548 6.942 7.244 8.158 5.514 
Mean 4.480 4.486 4.632 4.100 4.452 4.504 4.581 3.807 
Leaf/Stem 
2 2.132 2.131 0.889 1.730 3.457 1.808 2.984 0.875 
3 3.251 2.008 1.496 2.916 4.285 1.743 4.318 3.207 
4 2.186 1.960 2.185 2.040 2.318 1.979 2.115 1.945 
5 1.026 1.402 1.513 1.196 1.248 1.481 1.185 1.444 
Mean 2.149 1.875 1.521 1.971 2.827 1.753 2.651 1.868 
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Taste VI.—PERCENTAGE OF ToTAL ALKALOIDS IN GM. UNDER VARIOUS TREATMENT COMBINATIONS 


in 
n ? k 


‘Treatment 


np nk pk npk No manure 
4 0.0615 0.0551 0.0594 0.0540 0.0636 0.0594 0.0700 0.0572 
Main Effects and Interactions 
N P K NXP NXE PXK NXPXKEK 


4 +0.0045 —0.0008 +0.0062 +0.0003 +0.0029 +0.0040 +0.0029 (S.E. +0.0014) 


third months). At the fourth month of growth, the 
main effect due to N and the interaction due to 
N X P were positively significant. At the final 
stage (fifth month) positively significant responses 
were noted in case of N, P,and N X P. Main effects 
of potassium were insignificant throughout all the 
stages of observation. 

On the dry weight of leaves, the response of nitro- 
gen was more or less similar to that noted in case 
of the entire plant. Positively significant effects 
were obtained at all the stages due to this manurial 
ingredient. Potassium showed positively significant 
effects at the third month of plant growth; phos- 
phorus, however, remained consistently insignificant. 
Interaction due to N X P was negatively significant 
at the second month, while N X K and P X K inter- 
actions were positively so at the third month. 
Higher order interaction, viz., N X P X K proved 
to be insignificant‘at all the stages. 

Dry weight of stem did not show any significant 
difference due to fertilizer treatment in the early 
stage (second month); at the third month N, P, and 
K increased the stem dry weight. Interaction 
P X K was also positively significant, while N K P 
and N X K interactions were negatively so at this 
stage. At the fourth month the main effects due to 
N and P and the interaction N X P were significant. 
Toward the last period of observation only N showed 
positively significant responses. 

Percentage increase in dry matter accumulation 
(Table IV) either in the entire plant or parts thereof 
exhibited a more or less similar trend at various 
stages, irrespective of the treatments applied. Be- 
ginning with very high values in the early stages, the 
plants showed a general decline at the third month 
when the vegetative growth was most active. Sub- 
sequent to this a rise corresponding to the period of 
flowering (fourth month) followed by a decline was 
noted. Nitrogen, affected the percentage increase 
in dry weight only during the early stages, if at all. 

Plant Ratios.—Bhe mean top/root ratio showed 
slight variation in response to fertilizer treatment at 
all the stages. In general, the ratio was low in the 
beginning and then increased gradually with age in 


all the treated or control plants, reaching a maximum 
at the fourth month and thereafter showing a decline. 
This is in contrast to what was noted in Datura alba 
(1) where the root weight was found to increase in 
proportion with the top weight with advance in age 
of the plant. This difference is related to the growth 
behavior of the two plants: D. alba, showing a peren- 
nial habit, continues to flower and fruit throughout 
its life-cycle, while Hyoscyamus niger (the type 
growing in this part of the country), being an annual, 
restricts its vegetative growth soon after fruiting. 
In the latter case, therefore, the shoot weight in- 
creased more in proportion to the root weight up to 
the stage of flowering and fruiting and thereafter 
showed a fall. 

Both the top/root and the leaf/root ratios showed 
relatively high values under nk and npk treatments 
(Table V). Stem/root ratio was not affected at all. 
With age, however, the stem increased more in pro- 
portion to the leaf, even after the fruiting stage. 
The leaf/stem ratio consequently attained the 
maximum at the third month, in all the treatments 
excepting k and pk where the highest values were 
obtained at the fourth month; toward the later 
stage a definite fall was recorded in al! the plants. 

The relative development of component organs of 
plants in the different treatments was thus in the 
order stem > root and leaf > root, toward the 
later stages; that is, the roots contributed less than 
the leaves and the leaves less than the stem in in- 
creasing the weight of the plant toward the end of 
the life-cycle. In the early stages, however, the 
leaf weight predominated over the stem dry weight. 

Alkaloid Formation.—The synthesis of alkaloids 
took place to a maximum amount in those plants 
which were treated with npk, followed by those 
under mk and m treatments. Plants receiving pk 
and k treatments showed similar alkaloidal content 
(Table VI). Main effects of N and K alone were 
significant. All the first or second order interac- 
tions excepting N X P were significant. It would. 
thus appear that a suitable combination of N and K 
would lead to greater alkaloid formation in this drug 
plant. 


DISCUSSION 


The effects of different fertilizers, viz., 
N, P, and K, when applied singly or in com- 
bination, are manifest in the differential 
behavior of H. niger in so far as its growth 
and alkaloidal content are concerned. As 


noted in case of D. alba (1), nitrogen has a 
most remarkable effect on the vegetative 
growth, particularly on the development of 
leaves, the effect being more marked in H. 
niger than in D. alba. All vegetative char- 
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acters were increased significantly at a ma- 
jority of stages in the life of the plant in re- 
sponse to nitrogen application. Phosphorus, 
on the other hand, proved to have no signifi- 
cant effect on any plant character except 
on the development of the stem and the root 
particularly toward the later stages. Potas- 
sium, however, increased significantly the 
dry weight of the leaves and the alkaloidal 
content. The effect of these fertilizers on 
H. niger was thus more or less similar to that 
noted in the case of Datura alba except that 
the top/root and the leaf/root ratios were 
differently affected (vide infra) because of 
the difference in their growth behavior, H. 
niger completing its life-cycle in six months 
and D. alba continuing to flower and fruit 
for more than a year. 

Nitrogen and potassium also appeared to 
have significant effects on alkaloid formation. 
Wherever nitrogen was present along with 
potassium or alone (pk, nk, and m), high 
alkaloidal content was recorded. This 
stresses the view propounded earlier (1, 2) 
that both nitrogen and potassium have some 
definite role to perform in the synthesis of 
alkaloids. It is well known that nitrogen in- 
creases the chlorophyll content (3), induces 
high photosynthetic activity (4), and raises 
the total carbohydrate content; amino acids 
are formed in larger quantities and soluble 
inorganic nitrogenous compounds and pro- 
tein content are high (5) when nitrogen is 
supplied to the plant. Greater synthesis of 
alkaloids in the presence of nitrogen is thus 
due to the availability of some of these, 
particularly carbohydrates and amino acids 
or protein intermediates which are possibly 
prerequisites to alkaloid formation. Potas- 
sium also is known to have a significant role 
in the synthesis, storage, and translocation 
of carbohydrates (6-10). Low photosyn- 


thesis and high respiration rate, according to 
Gregory and Richards (11), are the char. 
acteristic physiological effects of potassium 
deficiency. The accumulation of soluble 
organic nitrogen and starch under potassium 
deficiency, according to Janssen and Bor- 
tholomew (8), Burrell (12), and Nightingale, 
et al. (13) indicate the importance of this 
element in protein synthesis as well. Crom- 
well (14), whose work dealt with the synthe- 
sis of hyoscyamine in belladonna, concluded 
that circumstances which lead to the ac- 
cumulation of protein intermediates provide 
the optimum condition for alkaloidal syn- 
thesis if carbohydrates are present in suffi- 
cient amount. Somewhat greater concentra- 
tion of alkaloids in —N plants in case of 
belladonna as recorded by this investigator 
and relatively high alkaloidal content in pk 
treated plants in the present investigation 
show that synthesis and accumulation of 
alkaloids may proceed, at least to some ex- 
tent, in partial absence of nitrogen. This 
indeed would be possible if traces of this ele- 
ment in seed or in the culture medium are 
sufficient to induce a certain degree of vege- 
tative vigor. Once this vigor is introduced, 
further slackening in nitrogen supply may 
not reduce alkaloid concentration, at least 
for some time, to any marked degree. Nitro- 
gen may be useful, therefore, by way of di- 
rectly supplying nitrogenous organic com- 
pounds of up-grade metabolism for the syn- 
thesis of alkaloids or may be indirectly ef- 
fective in inducing a certain amount of 
vegetative vigor essential for protein syn- 
thesis, the degradation products of which 
may be utilized in the formation of alkaloids. 
Further light on the role of nitrogen and po- 
tassium in alkaloid formation will be 
brought out in a subsequent communication. 


SUMMARY 


Investigation on statistically laid out plots 
has been carried out to determine the effects 
of N, P, and K fertilizers on the growth and 
alkaloidal content of Hyoscyamus niger. 
The manner in which N and K affect growth 
and alkaloid formation has been discussed 
and the findings tabulated. 

Plants receiving N alone or with P and 


K singly or combined attained greater shoot 
height and dry matter yield than those de- 
void of nitrogenous fertilizers. 

Nitrogen produced significant effects at 
all stages on the height of stem and dry mat- 
ter of the leaf and the entire plant; on the 
root and the stem dry weight, the effects 
were significant only toward the later stages. 
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Phosphorus and potassium showed compara- 
tively little effects on these plant characters. 

No specific order of response was noted on 
various plant ratios though some of the 
treatments like nk and npk did affect signifi- 
cantly the top/root and the leaf/root ratios 
at certain stages. In general, the values for 
top/root, leaf/root and stem/root were 
higher in early stages but became lower with 


advance in age; reverse was to be noted in 
the case for leaf/stem ratio. 

On alkaloidal formation, N and K_ pro- 
duced significant effects. The interaction 
N X K, P X K, and N X P X K also had 
significant effects. The application particu- 
larly of N and K in a suitable combination is 
thus likely to bring about increases in alka- 
loidal synthesis of these plants. 
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Separation of /-Menthol from Racemic Menthol 
U. S. 


By BRUNO PUETZER and WILLIAM J. MORAN 


A convenient method for the separation of 

pure /-menthol from racemic menthol U. S. P. 

isdescribed. The resolution is effected by em- 

ploying /-ephedrine as the resolving agent for 

the acid succinates. An over-all yield of 61% 
of the theoretical was obtained. 


NUMBER of methods have been reported 

in the literature for effecting the reso- 
lution of di-menthol into its optical com- 
ponents. Among the earlier ones those by 
Pickard and Littlebury (1, 2) and Kenyon 
and Pickard (3) employed the brucine and 
cinchonine salts of menthyl acid phthalate. 
Pickard and Littlebury (2) state that they 
were not able to completely resolve dl- 
menthol using the cinchonidine salt of 
menthyl acid succinate. Skworzow (4) 
successfully resolved the strychnine salts of 
di-menthol acid succinate. Paolini (5) used 
the same alkaloid with the menthyl acid 
phthalates. Read and Grubb (6) obtained 


* Received Feb. 4, 1946, from the Research Laboratories, 
Vick Chemical Company, Flushing, N. Y¥. 


the d- and /-menthols by employing the 
d- and l-menthoxy acetic acids as resolving 
agents. This latter method is described in 
“Organic Reactions,” II, 399, John Wiley & 
Sons., and was used in this laboratory for 
preparing pure d-menthol. 

The comparison of pure /-menthol with 
natural /-menthol and a simple method of 
obtaining pure /-menthol from pure syn- 
thetic di-menthol was of interest to us. dl- 
Menthyl succinate can be prepared in 
quantitative yield by the method of Arth 
(7). Since this compound is so readily 
prepared from menthol and succinic an- 
hydride, the separation of the salts of d- 
and /-menthyl succinates of a readily avail- 
able optically active amine appeared to be 
the most promising approach. 

l-Ephedrine, which is now manufactured 
synthetically in large quantities, was tried 
and was found to form a crystalline salt with 
di-menthyl succinate. On three recrystalli- 
zations from isopropy! acetate pure /-ephed- 
rine-/-menthyl succinate [a] —57.5 (95 
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per cent alcohol) was obtained in 72.2 
per cent yield. Pure /-menthol, m. p. 42°, 
[a]jp —50 (95 per cent alcohol), was re- 
covered from this salt in 85 per cent yield. 
No attempt was made to recover the d- 
menthol from the mother liquors. 

This method has two distinct advantages 
over the other methods described in the 
literature. A readily available alkaloid is 
used and the /-menthol can be obtained in 
good yield by a series of simple manipula- 
tions which could be easily adapted to larger 
scale preparation. 


EXPERIMENTAL 


l-Ephedrine-/-menthyl Succinate.—Seventy-seven 
and five-tenths grams of dl-menthyl succinic 
acid' and 50.0 Gm. of l-ephedrine were stirred with 
500.0 ml. of isopropyl acetate at 75° until solution 
was complete. The solution was allowed to cool 
slowly to room temperature. After standing for 
four hours, the solid was filtered by suction and 
washed with two 75-ml. portion$ of solvent. The 
product was again recrystallized twice from 400 ml. 
each of boiling isopropyl acetate, allowing the solu- 
tion to cool overnight each time. 

Forty-six and one-tenth grams of /-ephedrine-l- 
menthyl succinate [a] —57.5° (95% alcohol) 
was obtained. 

Anal=—Caled. for (421.56): N, 3.3% 
Found: N, 3.28%. 

Several other solvents as, for instance, acetone and 
water, were used for this resolution, but resulted in 
substantially lower yields. 

i-Menthyl Succinic Acid.—-Thirty-one and five- 
tenths grams of /-ephedrine-/-menthyl succinate was 
dissolved in 200 ml. of chloroform. This solution 


1 Prepared from racemic menthol U. S. P. obtained from 
Givaudan-Delawanna. 


was extracted with one 100-ml. portion of 10% 
hydrochloric acid followed by two 50-mi. portions 
of 10% hydrochloric acid. The chloroform solution 
was dried over sodium sulfate, and the solvent re- 
moved under reduced pressure, leaving 18.7 Gm. of 
l-menthy! succinic acid, m. p. 60-62°. Arth (7) 
reports 63°. All of the /-ephedrine can be recovered 
from the acid solution. 

1-Menthol.—Eighteen and seven-tenths grams of 
1-menthyl succinic acid was dissolved in 150 ml. 
of 10% sodium hydroxide solution. Ten grams of 
l-menthol was obtained from this solution by steam 
distillation. The white solid was filtered off and 
dried over sulfuric acid and finally distilled at 
atmospheric pressure. Nine and one-half grams of 
pure /-menthol, b. p. 212°, m. p. 41-42°, [a]* 
—50 (95% ethanol) was obtained. 

The odor of this material lacks the aromatic 
qualities which are imparted to the natural menthol 
by the presence of impurities carried over from oil 
of peppermint. Ofner and Kunz (8) also report 
this variation with other synthetic /-menthols. 


SUMMARY 


Pure /-menthol was obtained in an over- 
all yield of 61 per cent of the theoretical 
from di-menthol employing /-ephedrine as 
the resolving agent for the acid succinates. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 
Streets, Chicago, Ill, seeks information on sources of supply ‘for the following chemicals: 


2-Chloro-4-dimethylamino-6-methyl pyridine 
2-Hydroxy caproic acid 
d-Ribonic acid 

d-Arabonic acid 
1,2-Hexanediol 

Ribitol 
a,a,8,8-Tetrachlorodibenzyl 
Ribonuclease 

Galactoflavin 

Xanthein 

Threose 

Erythrose 

Cytidine 


Inosinic acid 

Inosine 

Uridine 

l-Leucine amide 
d-Galacto ascorbic acid 
l-Gluco ascorbic acid 
l-Rhamno ascorbic acid 
Periplogenin 
Digitoxigenin 
Digoxigenin 
Benzamidoxime 
Cryogenine 
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